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Virus (HIV) infection! . 

The pri.ary i-unologic abnormality r..ulting fro. 
Infection by HIV 1. th. progr.a.iv. delation 

nt of T lymphocyc. «pr...i»g the C04 cell .urf.ce 
glycoprotein (H. Lene .C Ann. Rev. imnun a 

2 U * -.polymorphic glycoprotein with homology to t 
l^oglobulln gen. eup.rfe.ily (P. Haddon «c C ^ ^ 

^ . Together with the C 0 8 eurf.ce .ntig.n. CO. define. ~o 
1 .tin t subset, of -cur. peripheral T cell. (E. R.^err « .1.. ■ 
C 1 Hi:821 (1,30,). which .re dl.tingul.hed by their ability to 
lnt.r.ct with noeln.1 .ntlgen target, in the context of class 1 ano 
1... II ~Jor hlatoco^atlbillty ccpl.x (HHC) antigens. 

p.ctiv.ly (S. Swain, Proc. Had. A«d. Scl. 21-7101 • 
Engl.-n -c al.. J • 1—1. 121:21* U"^ «. Spitz .t al J 
I— .1. 12i:»« (1982); W. Biddi.on .C .1.. J- Exp- Ked. 1*:1065 
,1m,; .nd 0. Wild, .c al.. I—I- 121=2178 [1983]). For the 
-.t part. CD4 T c.U. di.pl.y the h.lper/lnducer T cell phenotype 
CE. Relnh.rz. un) . though CD4 I c.U. character Ired as 
cytotoxic/.uppres.or T c.U. h.ve al.o b.en identified (V. Tho.es 
, c .1 J Exp. K.d. 1S*:*S9 [1981); S. K.u.r .c .1.. Proc. Natl. 
Acad Scl. USA U-M95 [1982); and A. Kr.n.ky et si., Proc. totl 
Ac .d Scl. USA 12:2365 [1982]). The 1... of CD4 helper/lnducer T 
cell function probably underlie, the profound defects in cellular 
.no huaor.l i«unlty leading to the opportunistic infections and 
M Ug.anci.. characteristic of the acoulred immunodeficiency 
syndrome (AIDS) (H. Lane glffilA) • 
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Scudies of HIV-I infection of fr.ctlon.teO CD, and COS T 
cells fro* norm.l donor, «d AIDS p.tlent, h.ve r.ve.led that 
J clon of CD. I cells results fro, the .MUt y of HI - to 
Actively infect. r.pUc.t. In. end ultimately * T 

lymphocyte subset (D. Kl.««.nn ec .1.. Science 22S.59 [1984^ 
r possibility th.t CD, Itself Is .n ...entl.l component of he 
c.llul.r receptor for HIV-I w.s first Indicted by 
th8t monoclon.l .ntlbodles directed .gainst CD, bloc, HIV 
"fectlon .nd syncytl. Induction (A. D.lglelsh <c « 
(London! 212:767 [198.]; J • McDoug.l et .1.. J I— -1- ^ 
19.3]). This hypothesis has been confirmed by the demonscr.c on 
Lat a molecular complex for»s between CD, and ,120. the .. or 
envelope glycoprotein of HIV-I (J. McDougal ec .1-. Science 211-382 
,1,16); ^ the finding that HIV-I cropism can be conferred upon 
ordinarily non-penslsslve human cells following the .« e 
expression of a CD, cDNA (P. Meddon eC .2.. Cell £.2:333 [1986]).. 
Furore, the neurotropic properties of HIV-I. reflected by a 
Mgh incidence of central nervous system dysfunction in HIV-I 
infected individual. (V. Snider ec .1.. Ann. Neurol. 14,403 
[1983]). and the ability to detect HIV-I in the brain tissue and 
cerebrospinal fluid of AIDS patients (G. Shaw et .1 - . Science 
222-177 [1985]; L. Epstein. AIDS Res. 1 = 447 [1985]; S. Ko.nig. 
Science 212:1089 [1986]; D. Ho et .1.. N. Engl. J- Med. 212:1498 
(19851- J Levy ec .1 . . Lencet 11:586 (1985]). appears to h.ve its 
explanation in the expression of CD4 In cell, of neuronal, glial 
and monocyte/macrophage origin (P. Maddon. Cell A* 44* [1986]; I. 
Funke ec al.. J- Exp. Med. 11*: 1230 [1986); B. Tourvieille ec si.. 
Science 22ii:610 [1986]). 

In .ddltior. to determining the susceptibility to HIV-I 
infection, the manlf .station of cytop.thlc effects in the infected 
host cell .ppeers to Involve CD4 . Antibody to CD. was found to 
inhlbic the fusion of uninfected CD. T cells with HIV-I Infected 
cells in vicro; moreover, the giant multinucleated cells produced 
bv this event die shortly after being forced resulting in the 
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expr ..,lon end can ^ ^ ^ ab . ence 

lines with cell lines expres g Mt . tM (j Sodro.kl at 

of other viral structural or regulatory ^ ^ 

Nature 322^70 . ^ by ^ 

H986)). Thus, in mediating w ecwee n n>120 end CI* 

we ll as eventual cell death, the interaction becwn^ 
constitutes one .f severe! critical entry point- me 
cyc le amenable to therapeutic intervention (H. Hit.uya 
Nature 215:773 [1987]). 

of the CD4 precursor predicts a 
The known sequence of the uu« P 

1.7. .7^ — u« .» «- —i— ••<* h,vi " 8 n 

U .UU..1C, » *. variable - J- U, ; - 

rr„ .° * r; — ir r.: 

„ TOt u..U, .WU. of CD4 .r. l.~.d *. »l. v 2 . v 3 

v 4 dorultu (o>oo«l"»"d l-» In Fig. 3). 

» ,uc....£»l 1" *• dmta^t of orugs tor th. 

„..=.«. of «9 "0.p t .r ..due. .b-.r-lltl.. »« »«« *■ 

.< — — »- • ° £ *• 

.L of th, HIV «v.l.- 11 «~" « " * """""" " 

sites os thereby blocking 

therapeutically sequestering these HIV sites, th y 
viral inf activity. However, full length CD, and other 
cell -e.hr.ne proteins which are anchored in the lipid 

1 s The presence of membrane components will he undesirable 
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in !».» »...ln g taf~t--.ll VlUta, .r vln- Will* 
functionality . 

Accordingly, It is an object of Chi. invention to produce 
soluble, secreted edhe.on.. It is .nother object to produce CI* 
oerivatlves useful in the treatment of AIDS end related condition.. 
lB a manner essentially unaffected by the extreme degree of genet c 
variation observed among various HIV-I i.ol.te. and their 
respective „ polypeptides (.Coffin. Cell W)- 
another object 1. to prepare edhe.ons fused to other polypeptides 
1. order to provide molecule, with novel functional! tie. .uch a. 
chose described above for therapeutic u.e. or di.gno.tic reagents 
for the in vlcro e.s.y of adhe.ons or their Uganda. In 
particular, it i. an objective to prepare molecules for directing 
toxins or effector molecules (for example the Fc domain of 
^oglobulin) to cells bearing receptor, for the edhe.on. . e.g. 
HIV gpl20 in the case of CO*, and for use in facilitating 

a^*~~* t* is a further object to provide 
purification of the adheson*. I- " * 

stable, highly purified adheson preparations. 

Sing**" 

The object, of thi. invention are eccomplished by providing 
nucleic acid encoding an amino acid sequence variant of an adheson. 
in particular . variant in which the trans -membrane domain Is 
.odifled so that it 1. no longer capable of becoming lodged in the 
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X. che c... of COA .uch variant, ar. t.t».d .oluble 



Variant adh.aotu ar. produc.d by a -chod co.prl.lng (.) 
cr^fonalng . ho.t cell with nucl.lc acid .needing « «l«o ac 
.. q uanc. variant of an adha.on. (b) culcurlng th. ho.t call and ( 

from ly.at.s of the ho.t c.ll. 

I„ specific ..bodl..nc.. th. obj.ct. of thl. Inv.ntlon are 
acccpli.h.d by providing an adha.on variant ..l.ct.d fro. the 
gr oup con.l.tlng of (a) « .dhe.on a.lno acid ..quanc. variant 
Ling an Inactivated tran...«brane domain and (b) a polypeptide 
co.pri.ing an adhe.on extracellular do.eln fused to the ..ou.nc. of 
a polypeptide which is different fro. the .dhe.on. thl. Utter, or 
example, .elected fro. a cytotoxin. an Imogen or a protein with 
a long plan, half life .uch .. an imnuno globulin constant domain. 

In a preferred embedment a polypeptide co.prl.lng . gpl20 
binding domain of th. CD4 adhe.on is fu..d at it, C-termlnus to an 
^oglobulin constant do.aln. or is linked to a cytotoxic 
polypeptide .uch rlcln. 

The CD4 adh.son variant, provided herein are purified and 
for.ul.ted in ph.r..cologically acc.pt.ble vehicles for 
ad.lni.tr.tion to p.ti.nt. in n..d of antiviral, neuroculatory or 
t^uncodulatory therapy, in particular p.ti.nt. Inf.ct.d with HIV. 
and for use In the aoduUtlon of cell .dh.sion. 

n r1fl f iwr.riptiTTn trf rhn 

Fig.. L-lc depict th. «ino acid and nucleotide sequence 
of . secreted for. of the CD4 adhe.on. The signal processing site 
Is designated with an arrow. 
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„ 2. 2c dapict the -in. .etc and nucleotide eeouence 
! T£L g* leader end N-t.r»lnal 27 re.ldue. to 
of • fualon of the h.rp.. V> 
th . put.tlv. -tut. H-c.r»in«- of CD4T. 

, ^ict. ch. -tructur.1 .!««« of th. natlv. and 

Fig. 3 depict, the 4n<J w 
.olubl. CI* edhe.on. th. native hu«an IgCl <71> 
.x«pUry heavy chain-CD* chimera. • 

t * b .re e WP of the lingered human Igd (71> <** ln 
ngs . 4d .*b .re «ap oM Inserc sice, 

frag-ent .-ployed i« the preparation of CD4 fuel 
are designated il end Fe. 

rl « 5 I. . ~P of the hu~n « light chain freg.ent u.eful 
Fig. 5 1*. ■*r variable and 

£ot CD* fusion, at the arrow flanked by \J m <W 

joining) and C„ (light conat.nt) . 

mirn1 w Pe.rriBClqa 

■» -» """""UTS r. 

;rr;.i.::. r: — :i:;:r:: 
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. . aw t0 . ta o«n .«b« of the .up.r£«Uy « th. 
,. q u.nc. homology to . h4vf m ch . ,. qu . ne . of . 

C4. CD8 and high tfftolcy XgE Fc r.c.pcor. 

Thl. inv.ndon 1. p.rdcul.rly concmad with «ino -U 
i nc . of .dha.on.. A-lno .eld ..quonc. v.rlant. of 

.oha.on. .r. Aoheion for lti ending p.r«.r. 

merging th. .fftnu> of ^ prap . r4tlon of th. 

» £ ' eU1Utl : ZZ "Til half Uf.. living choree 

.n ™^ — - - — ■ in "* 

rttoL fu.ctlonaUti.. and lading ^ " = 

of side effect, during th.r.peutlc u.e of the .dhe.on. A»ino .cid 
luence variant, of — - f*l into on. or . — « on . * 
flowing cla.... ln.ertion.1. .ub.tltucionel or d.l.tional 

variant* . 

In.ertlon.1 »lno .old ..qu.no. v.rl.nt. .r. cho.. In vhloh 
on . or ~r. -Ino .old re.idue. .xtr.n.ou. to th. .^..on - 
produced into . predetermined .it. in th. .dhe.on including 
or N ter-ini. Such v.rl.nt. .r. r.f.rr.d to .. fusion, of th 
.oh..c, end . different polypeptide. Suoh other 
oonteln ..cu.no.. oth.r than tho.. which .r. nor»a lly foun In th 
25 .oh..on et the inserted po.ition. Sev.ral group, of fualona .r. 

oont.-pl.fd h.r.ln. 1—loglcelly .ctiv. .dhe.on fusion. 
co«prl.. an .dhe.on .nd . polypoid, oont.ining . non-.dhe.on 
.pltope. The non-.dh..on epitope 1. .ny ideologically co-patent 
polypeptide, i.e.. .ny polypeptide whloh i. c.p.bl. of .Uciting « 
30 JL r..pone. in the anUal to vhloh th. fusion is to he 

.a-lni-tered or whloh 1. o.p.bl. of being bound by en antibody 
r .l..d against the non-.dhe.on polypeptide. Typio.l non-.dhe.on 
.plcope. will b. tho.. whloh .r. borne by allergens, autoinnnune 
.pltope. . or oth.r pot.nt l-.unog.ns or antigens r.oognlfd by pre- 
35 exLtlng antlbodi.. in the fusion recipient. Including bacterial 
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polypeptide, .u=h a, crpLE. beia-g.l.cto.ida... viral polypeptide. 

H berpe. g> protein, end the like. Im^ogenic f„e 
produced by cro-.-Unking in vitro or by r.eomb inane c.U cul~ 
cransfor.ee with DNA encoding an isogenic polypeptide^ It i 
preferable that the isogenic fusion be one in which 
Oogenic sequence is Joined co or ina.rted into ch. 
2J« or fragment thereof by a peptide bond(s). These product. 
:::ifore cons" of a linear polypeptide chain containing ~- 
epitope, and at least one epitope foreign to the adh.son. It will 
Jderstood that it 1. within the scope of this invention t 
introduce the epitope, anywhere within the adhe.on molecule or 
fragment thereof. Such fusions are conveniently mad. , U 
recombinant host cells or by the use of bifunctional cross-llnking 
agents. The use of a cross-llnking agent to fuse the adhe.on to 
L isogenic polypeptide is not as desirable as a linear fuaion 
because the cross-linked products are not as easily synthesized in- 
structurally homogeneous form. 

These immunogenic insertions are particularly useful when 
foWated into a pharmacologically acceptable carrier and 
adminl.ter.d to a subject in order to raise antibodies against the 
adhe.on. which antibodies in turn are useful in diagnostic, or in 
purification of adhe.on by immunoaf f inlty techniques known per se. 
Alternatively, in the purification of adh.sons. binding partners 
for the fused non-.dh.son polypeptide, e.g. antibodies, receptors 
or Uganda, are used to adsorb the fusion fro. impure admixtures, 
after which the fusion is elu.ed and. if desired, the adhe.on is 
recovered from the fu.ion. e.g. by enzymatic cl.av.ge. 

Other fusions, which »-y or may not also be Immunologically 
active include fusion, of the adheson sequence with a signal 
sequence heterologous to the adheson. fusions of transmembrane- 
.odlfl.d CD4 adhe.on. . for example, to polypeptides h.ving enhanced 
plasma half life (ordinarily >about 20 hours) such as 
l^oglobulin chains or fragments thereof, and fusions with 
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eytocoxlc functional^... Signal ..qu.nc. fusion, ar. .-ployed In 
er co -or. .xp-.lciou.ly dlr.cc cH. ..cr.cion of che a*^ 
me h.cerologou. .1-1 replace. - -ive adh.aon - 
vhen ch. r..ulcin g fuaion i. r.cognlzed. 1... procea.-d and 
by the ho.c c.U. ch. .dh..on 1. ..cr.t.d Signal. ar. a. ^ 
b .,.d or ch. incend.d ho.c c.ll. end may include becc.rial yea. 
_lUn end viral aequenc... th. h.rp.s gD glycoproc.in .ign.1 
is .ulcbl. for us. in mammalian «x P r...lon ay.C.ms. 

Plasma proc.lns which h.v. .nhanc.d plasma half-lif. long.r 
th an chat of transmembrane modified CD4 include a.ru, ^ 
lanB unoglobulins. apoproteins, and cransferrln. Preferably Che 
adheson-plasma protein fusion is noc slgnif icancly immunogenic in 
cne animal in which ic is used and che plasma procein does nor 
cause undesirable side efface, in paciencs by vlrcue of it. normal 
biological activity. 

I„ a specific embodiment the adheson isnsunoglobulln-like 
domain which may be homologous either to the constant or to the 
variable region domains is conjugated with an immunoglobulin 
constant region sequence. The resulting products are referred to 
herein as immunoadhesons . Immunoglobulins and certain variants 
thereof are known and many have been prepared in recombinant cell 
culture. For example, see U.S. Patent 4,745.055; EP 256.654; 
Faulkner ec al.. Nature 22fi:286 (1982); EP 120.694; EP 125.023; 
Horrison. J. l««un. 122:793 (1979); Kdhler ec si.. P.N.A.S. USA 
212197 (1980); Raso ec si.. Cancer Res. 42:2073 (1981); Morrison 
at al Ann. Rev. Immunol. 2:23" (1984); Morrison. Science 222:1202 
(1985)"; Morrison ec si.. P.N.A.S . USA 41:6851 (1984); EP 255.694; 
EP 266 663- and U0 88/03559. Reasserted immunoglobulin chains also 
are known. See for example U.S. patent 4,444.878; U0 88/03565; and 
EP 68,763 and references clced therein. 

Ordinarily, the domains of adhesons that are homologous to 
immunoglobulins and extracellular in their native environment are 
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chft N-cerminus of the constant region of 

ftt ..d Ct.min.Uy to the H Mglon(s) chereof. 

laB unoglobullna to ^ ^„ hlnge> C H2 end CH3 domain, 

fining et U-« -tlone Uy ^ ^ ^ 

of che content re^ n of ^ ^ 

ordinarily 1. ecco.pU.hed y ^ cell culture. 

, eou .«ce end , « ^ half 

;rr b ^ er or ^ — . — - 

oth er adheson. in the .ame fashion. 

* , rh» CD4 V-llVe regions (V1-V4) 
X.e boundary domains for the CD4 ^ 

-K«,*t 100-109, about 175-18* , 
ar e. respectively, about 100 ^ ^ ^ 

about 360-369 (based on trie pr 

CDA sequences 

*• Mt ?z'c r» « - — ^ 

cheir C- termini to the wn 6 . u . che boundary 

„m e h the fusion is made is not critical. 
slce et which the f nce enly and other sites 

domains noted herein are 8- sel , cted in order to 

,, Mn the v regions may be selecceu 
neighboring or within the g rmr .„.„ of eh « CD4. The 

instence. the following 

» « -K.r have been obtelned by tne »»" 
immunoglobulin fusions that have he CDi 

■7", r:.:r:-." — - 

It >1U b. «-«.— -« *■ " * " " ., „ trt 
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i k ll- Th. CD4 L«unoidhe.ons typically contained etcher 

(light) chain or 1*1 heavy chain constant region (*> ■ 

Table 1 



10 * v 7 l C 7l 

mV K C K + nV 7l C 7 i 

15 hCt^-aC* 
hCD4-mC 7 i 

hCDA-aC* + hCD4-mC 7 i 
hCI^-hC* 



25 



KCD4-hC 7 i 



hCD^-hC* ♦ hCD4-hC 7 i 



mV K C K and/or (mV ie C lc )2 
ND 

(nV«C*) 2 <»V 7 iC 7 i)2 + 
mV^C* and/or (*V*Ck>2 

hCD4-mC x and/or (hCDA-aC Jt >2 
ND 

(hCD4-mC„)2(hCD4-»C 7l )2 + 
KCDfr-mCjc and/or (hCDA-nC*^ 

hCD^-hC* and/or (hCDA-hC^ 
(hCD4-hC 7 i)2 

(hCD4-hC R ) 2 (hCDA-hC 7l )2 + 
hCD4-hC lc and/or (hCDA-hC^ 



30 



35 



ttf K C K ♦ hCD4-hC 7 i 



(mV^C K ) 2 (^^> 4 - hC 7l ) 2 + 
bV^C* and/or (nV^C K )2 



*ND - Not detected 

■It is interesting « observe fro. this table that the CD.-hu.nen 
he .vv chain l»uno.dh..on v.s secreted as a di.er whereas the 
.Jogoue .urine construction was not detected (this not excluding 
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The 



light -heavy chain non vl^ 
hecerofunctional antibody thus is provided. 

Various exe.pl.ry hetero-and chimeric i-uno.dhe.on- 

, a m accordance with this invention are 
anclbedles produced in accor ^ ^ 

r:::;:"iurri o°;-an 1^ — - — 

dilH-; V L> V H . C L and C H represent light or heavy - n 
variable or constant domains of an i^oglobulin; n is an integer, 
and ! designates a cov.lent cross-Unking .oiety. 
(a) AC L ; 

ACh-IACh. ac l -ac h . ac l -v h c h . v l c l -ac h . or v L c L -v H c„]: 
ACL -AC H -[AC H . ac l -ac h . ac l -v„c h . V L C L -AC H , or WV H C H] . 
AC L -V H C H -[AC H . AC L -AC H . AC L -V H C H . V L C L -AC H . or V L C L -V H C H ] 

Wach-Iac, - l -ac h . ac l -v h c h> v l c l -ac h . or v L c L .v„c H , : 



(O 

(d) 

(e) 

(f) 

or 

(g) [A-Y] n -iV L C L -V H C H ]2- 



Th. .clotures shown in this table show only key features. 
. g they do not .how Joining (J) or other domains of the 
iaBSU noglobullns, nor are disulfide bonds shown. These are o.itted 
in the interest, of brevity. However, where such do«aalns are 
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• rh«v shall be cotutnied as being 

5 complex struccu* taaunoglobulln 

*- — ■ fr ;: n ;r.u : < « - — 

V L V H antibody combining alt. 1 ■« preoe cer»lned 

tanogletalln. preferably 1. capable of binding P 

antigen. 

M <*U f I— 

IgA. IgE. IfO ° r buc P"f«ably l g G-l. 

A preferred embodiment Is a fusion of an N-terminal portion 
of CO.. which contains the binding site for the gpUO envelope 
protein of HIV . to the C-termlnal F c portion of an antibody, 
I r ont.lnlng the effector functions of — 

w preferred embodiment, of this sort; In one. the entire heavy 
III constant region 1. fused to a portion of CO.; In — 
.equence beginning In the hinge region Just upstream of the papain 
« sue which defines IgC P c chemically (residue 21 ta n 
che first residue of heavy chain constant region to be 11* [Kobat 
ee Ml -Sequence, of Proteins of Immunological Interest- 4th Ed.. 
25 „„',;„ analogous site, of other Immunoglobulins) Is fused to a 

portion of CD*. The., embodiments are described In the examples. 

More particularly, those variants In which one or more 
taBU noglobuim.li*. domain, of an adh.son are substituted for the 
30 variable region of an immune globulin chain are believed to exhibit 

proved in vivo plasm* half life. These chimeras are constructed 
ln . fashion similar to chimeric antibodies in which a variable 
domain from an antibody of one species is substituted for the 
variable domain of another species. See. for example, EP 0 
35 023- Kunro. Nature 212: (13 December 198*); Neuberger et al.. 
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Nature 212: (» December 1984); Sharon .el.. f 4 ^ 

19 8M: Korri.on -c al.. Proc. Natl. Acad. Sci. USA £1:6851-6855 
(1984)- Korri.on ec al. Sci.nc. 222=1202-1207 (1985); and Ml— 
ez al Nature 112:643-646 (13 December 1984). The DNA encoding 
the adheson immunoglobulin- like domains) is cle.ved by a 
restriction enzyme at or proximal to the 3' end of the DNA encoding 
the 1-unoglobulln-llk. domaln(s) and at a point at or near the DNA 
encoding the N-termlnal end of the mature adhe.on polypeptide 
.where use of a different leader is contemplated) or at or proximal 
to the N- terminal coding region for the adhe.on (where the native 
adheson signal is employed). This DNA fragment then is readily 
inserted into DNA encoding an immunoglobulin light or heavy chain 
constant region and. if necessary. tailored by deletional 
mutagenesis. Preferably, this is a human immunoglobulin when the 
variant is Intended for in vivo therapy for humans. DNA encoding 

Immunoglobulin light or heavy chain constant regions is known or . 

readily available from cDNA libraries or is synthesized. See for 

example. Adams ec al . . Biochemistry 12:2711-2719 (1980); Cough et 

al. Biochemistry 12:2702-2710 (1980); Dolby ec ml.. P.N.A.S. USA. 

22:6027.6031 (1980); Rice ec «!.. P.N.A.S. USA 22:7862-7865 (1982); 

Falkner ec al . . Nature 22fi: 286-288 (1982); and Morrison ec al.. 

Ann. Rev. Immunol. 2:239-256 (1984). 

DNA encoding the immunoglobulin or immunoadheson chimeric 
chain(s) is cransfected into a host cell for expression. If the 
host cell is producing an immunoglobulin prior to cransfection then 
one need only transfect with the adheson fused to light or to heavy 
chain to produce a heteroanclbody . The aforementioned 

immunoglobulins having one or more arms bearing the adheson domain 
and one or more arms bearing companion variable regions result in 
dual specificity for adheson ltgand and for an antigen. These are 
produced by the above -described recombinant methods or by in vicro 
procedures. In the latter case, for example. F(ab') 2 fragments of 
che adheson fusion and an immunoglobulin are prepared, the F(ab-)2 
fragments converted to Fab' fragments by reduction under mild 
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— . - — — uu- l " •** ""T. 

also U.S. patent 4.444.878. 

i — . «r» known for producing Intact 
Additionally, procedures are known P 

net.roantibodl.s from immune globulins having different 
pecificitles. These procedures are adopted for the in vitro 
production of het.rochimerlc antibodies by simply substituting the 
Lunoadh.son chains for one of the previously enjoyed 
lininunoglobulin5 . 

in an alternative method for producing a heterofunctional 
antibody, host cells producing an adheson- immunoglobulin fusion. 
e6 transfecced myelomas, also are fused with B cells or 
nvoridomas which secrete antibody having the desired companion 
specificity for an antigen. Heterobifunctional antibody is- 
recovered from the culture medium of such hybrldomas . and thus may 
be produced somewhat more conveniently than by conventional In 
vitro resorting methods (EP 68.763). 

Another group of fusions are those in which an adheson Is 
conjugated with a toxic substance, e.g. a polypeptide such as ricin 
(including deglycosylated ricin A chain), diptherla toxin A. or a 
non-peptidyl cytotoxic Where the toxin is . polypeptide it Is 
convenient to cross-link the polypeptide to the adheson or its 
cransmembran-deleted variant by conventional in vitro protein 
cross-linking agent, (for suitable methods for linking ricin A 
chain or deglycosylated A chain to CD4 see, for example. Duncan et 
a!.. "Analy. Bloch.m." U2:68-73 (1983); Thorpe ec ml.. "Cancer 
Res." <tZ:5924 [1987]; and Ghotle ec al . . "Cancer Res." 44:2610 
[1988]) or by recombinant synthesis as a fusion (see for example. 
U.S. Patent 4.765,382). Alternatively, where companion antibodies 
are anti -ricin antibody Immunoglobulin variable domains, such 
immunoglobulin h.teroantibodies are employed to deliver ricin to 
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HIV infected cell, following the general procedure of R«so .e .1.. 
Cancer ^search. 41 = 2073 (1981). 

Another clas, of adh.son variant, are deletional variant,. 
, Deletion. «. characterized by the removal of one or -ore amino 

..id residue, fro. a .dheson .equence. Typically the 
transmembrane and cytoplasmic domains of .dheson, ar deleted. In 
che c.,e of CD*, at least residue, 368 to 395 (the crana.embrane 
region), and ordinarily 396-433 as well (the cytoplasmic domain). 
10 will be deleted to obtain secreted form, of thi, adhe.on. 

Parenthetically, the amino acid reaidue, folio- the number, given 
for mature CD4 a. noted, for example, in figure, la - le. Thu,. 
CD4T molecule, generally will terminate in the vicinity of about 
residues 366-368. or at any other suitable sit. N-terminal thereto 
which preserve, the gpl20-blnding capability of the CD4 variant. 

Substitutional variants are thoae in which at least one 
residue in the adhe.on sequence ha. been removed and a different 
residue ina.rted in it. place. The native N-terminal r.,idue for 
nature CD4 1. now known to be lysine. Thus, the sequence shown in 
Fig 1 with an N- terminal asparagine. is an amino acid sequence 
variant of native mature CD*. Table 2 below describe, 
substitution, which in general will result in fine modulation of 
the characteristics of the CD antigen. 
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Ale 

Asn 
Asp 

Cye 

Gin 
Clu 
Cly 



■•r 

lyi 

gin; hit 

ear; ala 
asn 

pro 



Hit " n: * ln 

lie Uu ' VAl 

lie; val 



Lyg arg; gin; glu 

leu; lie 
met; leu; tvr 
thr 
ter 
cyr 



Met 
Fhe 
Ser 
Thr 
Trp 



Val 



lie; leu 



Substantial changes In function or immunological Identity 
ere made by selecting substitutions that ere le.e conservative than 
those in Table 2, i.e., selecting residues that differ nore 
significantly In their effect on maintaining (a) the structure of 
the polypeptide beckbone in the aree of the substitution, for 
•staple as a sheet or helical conf ormation, (b) the charge or 
hydrophobic^ of the molecule at the target site or (c) the bulk 
of the side chain. The substitutions which in general are expected 
to produce the greatest changes in adheson properties will be those 
in which (a) a hydrophillc residue, e.g. seryl or threonyl. Is 
substituted for (or by) e hydrophobic residue, e.g. leucyl. 
isoleucyl. phenylalanyl . valyl or alanyl; (b) a cysteinyl or prolyl 
is substituted for (or by) any other residue; (c) e residue hevlng 
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en electropositive .Id. chain. ..... ° r 

U substituted for (or by) an electronegative residue, e.g.. 
glutamyl or a.p.rtyl; or (d) a ra.ldu. having a bulVy aide chain. 
e . g ., ph.nylal.nyl. 1. aub.titut.d for (or by) on. not having a 
5 aid. chain, e.g.. glycy 1 - 

A preferred claa. of aub.tltutional or d.letional variants 
are thos. Involving th. transmembrane region of the adh.son. The 
crans.embr.ne region of the adhe.on Is a highly hydrophobic or 
10 lipophilic domain that 1. the proper size to .pan the lipid bilayer 

of the cellular membrane. It is believed to anchor the adhe.on in 
the cell membrane. 

Deletion or aubstitutlon of the transmembrane domain will 
15 facilitate recovery and provide a soluble form of the adheson by 

reducing its cellular or membrane lipid affinity and Improving its 
water solubility. If the transmembrane and cytoplasmic domains are 
deleted one avoids the Introduction of potentially immunogenic 
epitopes. either by exposure of oth.rvi.e Intracellular 
20 polypeptides that might be recognized by the body a. foreign or by 

insertion of heterologous polypeptides that are potentially 
immunogenic. A principal advantage of the transmembrane deleted 
adheson is that it is aecreced into the culture medium of 
recombinant hosts. This variant is water soluble and does not hsve 
25 an appreciable affinity for cell membrane lipids, thus considerably 

simplifying its recovery from recombinant cell culture. 

U will be amply apparent from the foregoing discussion 
chat substitutions. deletions. insertions or any combination 

30 thereof are introduced to arrive at a final construct. As a 

general proposition, all variants will not have a functional 
transmembrane domain and preferably will not have a functional 
cytoplasmic sequence. This is generally accomplished by deletion 
of the relevant domain. although adequate insertional or 

35 substitutional mutagens also car. be effective for this purpose. 
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Fer .x«pl.. th. cr.na..«br.n. —l« " substituted by any amino 
.eld s.qu.nce. eg a random or homopolynuclelc ..quance of about 5 
to 50 ..rlna. chr.onln., ly.lna. arglnln.. gluclna. asp.rtlc acid 
„d Hke hydrophlllc ra.lduas. which alcogather exhibit a 
hydrophlllc hydropathy profile, so that It 1. secreted Into th. 
culture medium of recombinant ho.ts. This variant, should also be 
considered to be an adheeon variant. 

These variants ordinarily are prepared by site specific 
oogenesis of nucleotides in the DNA- encoding the adhe.on. thereby 
producing DNA encoding the variant, and thereafter expressing the 
DNA in recombinant cell culture. However, variant adhe.ons also 
are prepared by In vitro synthesis. Obviously, variations made in 
the DMA encoding the variant adhesons must not place the sequence 
out of reading frame and preferably will not create complementary 
regions that could produce secondary mRNA structure deleterious to 
expression (EP 75.44AA). The CT>U variants typically exhibit the 
same gpl20 binding activity as does the naturally-occurring 
prototype, although variants also are selected In order to modify 
the chareccerlstlcs of the CD4 adheson as Indicated above. 

While the site for introducing an amino acid sequence 
variation is predetermined, the mutation per se need not be 
predetermined. For example, in order to optimize the performance 
of a mutation at a given site, random mutagenesis may be conducted 
at the target codon or region and the expressed adheson variants 
screened for the optimal combination of desired activities. 
Techniques for making substitution mutations at predetermined sites 
in DNA having a known sequence are well known, for example M13 
primer mutagenesis. 

Adheson variants that are not capable of binding HIV gpl20 
are useful nonetheless as lmmunogens for raising antibodies to the 
adheson or es Immunoassay kit components (labelled. as a 
competitive reagent for gp!20 assay, or unlabeled as a standard 
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for an M " ^ " " UMt — 

remain* active. 

Th. DNA encoding adhe.on. i. obt.inad by known procedure.. 
See Willi—. X-unol. Today fl:298-303 (1987) and citation, 
therein. In g.n.r.l. promote, .re u..d for cloning of CD4 
variant DNA ..quenc... For exa.pl. . E. coll .train SR10 (for 
propagating .13 phage, a X-re.i.tant .train of JM 101: K...ing .t 
si Nucl. Acid.. Re*. 2(2>:309.321 [1981]); and E. coll K12 .train 
29*' (ATCC No. 31446) are particularly useful. Other microbial 
scr.ln. vhich my be u.ed Include £. cell 1. UK101 and E. coll 
x 1776 (ATCC No. 31537). Th... example, ar. illu.tr.tlv. r.th.r 
than Halting. 

DNA encoding the variant adhe.on. are in-.rt.d for 
expr...ion into vector, containing promoter, and control ..quence. 
vhich .re derived from .p.cie. compatible vith th. intended ho.t 
cell. The vector ordinarily, but need not. carry ..replication 
.ite a. well a. on. or mor. marker .equence. vhich .re capable of 
providing phenocyplc .election in tran.form.d cell.. For example. 
£. coll 1. cypic.lly cr.n.form.d using . derivative of P BR322 which 
i. . pl..mid d.rlv.d fro. an E. coll .p.cie. (Bolivar, et ml.. Gene 
2: 95 [1977]). pBR322 contains gene, for amplcillln «nd 
tetr.cycline re.l.tance and thus provides easy »••«. for 
Identifying transformed cell.. The pBR322 pla.mid. or oth.r 
microbial pUimld mu.t also contain or be modified to contain 
promoter, and oth.r control dement, commonly u.ed in recombinant 
DNA con. true t ions. 

Promoters suitable for use with prokaryotic hosts 
illustratively include the <5-lactarn.se and lactose promoter systems 
(Chang «t al.. Nature, 221- 615 [1978]; and Goeddel ec .1.. Nature 
28i : $UL [1979]), alkaline phosphatase, the tryptophan (trp) 
promoter system (Goeddel. Nucleic Acids Res. ft: 4057 [1980] and EPO 
Appln. Publ. No. 36.776) and hybrid promoters such as the tac 



WO 89/02922 



PCT/US88/03414 



1C 



15 



20 



25 



30 



-21- 

pro.oter (H. de Boer et .1.. Free. N.cl. Acad. S=i. USA fifi: 21-25 
(1983)). H.v.v.r, other functional bacterial promoters .re 
,ul table'. Their nucleotide sequence, ere gener.lly known, thereby 
enabling . .Willed worker op.r.bly to Ug.te them to DNA encoding 
ch. .dheeon variant uelng linker, or adaptor, to .upply .ny 
required re.trlctlon elf. (Sleb.nll.t ez .1., Cell 2£: 269 
[19 80)) Promoter, for u.. In b.cc.rl.l .y.t.m. .1.0 will cont.ln 
e Shine-D.lg.mo (S.D.) ..quence oper.bly linked to the DNA 
encoding the .ntlgen. 

In .ddltlon to prokaryotes, eukaryotlc microbes .uch «s 
yeast culture. .1.0 .re uaeful as cloning or expre..lon ho.t.. 
crharomvee. ~r,vlslae. or common baker', ye.st 1. the mo.t 
commonly used euicaryotic mlcroorg.nl.m. .1 chough • number of other 
strains are commonly available. For expression In S.cch.romyces . 
che plasmld YR p 7. for example. (Sttnchcomb. et .1.. N.tur. 2fi2: 39 
(1979) ; Klng.man et al. Cene 1: 141 [1979]; Tsch.mper et al.. Gene 
Ifi: 157 (1980)) 1. commonly used. Thl. pla.mld already contain, 
che trpl gen. which provide, a ..lection marker for a mutant .train 
of yeast lacking the ability to grow In tryptophan, for example 
ATCC no. 44076 or PEP4-1 (Jones. Genetics 12 [1977]). The 

presence of the trpl lesion as a characteristic of che yeast ho.t 
cell genome then provide, an effective means of .election by growth 
in the absence of tryptophan. 

Suitable promoting sequences for use with yeast hosts 
Include the promoter, for 3-phosphoglycerace kinase (Hltzeman et 
al.. J. Biol. Chem. 215.: 2073 [1980]) or other glycolytic enzyme. 
(Hess ec al . . J. Adv. Enzyme Reg. 7_: 149 [1968]; and Holland. 
Biochemistry U- 4900 [1978]). such as enolase. glyceraldehyde-3- 
phosphate dehydrogenase. hexokinase. pyruvate decarboxylase, 
phosphofructokinase . glucose - 6 -phosphate lsomerase. 3- 
phosphoglycerace sut.se , pyruvate kinase. triosephosphate 
isomerase, phosphoglucose isomerase. and glucokinase . 
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Other y.*.t promot.r.. which .re Inducible promoter, h.ving 
th . .ddltlon.1 .dv.nt.s- of tr«-crlptlon controlled by gr-h 
condition., ere the promoter region, for .Icohol d.hydro^ > 2 
lS ocytochrome 0. ecid pho.ph.t.... degr.dmtiv. enzyme .»ocUt 
with nitrogen m.c.boU... met.llothion.ln. glyc.r.ldehyde-3- 
o.ph.te d.hydrog.n.... - «« - 

lel.cto.e utillx.tion. Suit.ble vector, end pro.ot.r. for u.. in 

Let expr...ion .re further de.crlb.d in R. Hitz.m.n ec .1.. 

Europe^ P.t.nt Pubilc.tion No. 73.657A. Y...t enh.nc.r. .1.. «e 

.dv.nt.geou.ly u..d with yee.t promoter.. 

Promoter, for controlling tr.nscription fro. vector, in 
ho.t cell. «y be obt.in.d from verlou. .ource,. for 
.xample. the genome, of vlru... .uch ..: polyoma. SimUn Viru. U0 
(f »40). .denovirus. retrovlru.es . h.p.titl.-B vlru. .nd mo.t 
pr.fer.bly cytomeg.lovlrus. or fro. h.c.rologou. « 11- • 
promoter., e g the bet. .ctin promoter. The e.rly «d Ut. 
promoter, of th. SV40 viru. .r. conveniently obt.in.d .. .n SV40 
re.criction fr.gm.nt which el.o cont.ln. the SV.O vlr.l origin of 
repllction. Fler. et .1.. fetor. . 222: 113 (1978). The immedl.te 
e.rly promoter of the hum.n cytomeg.lovirus 1. conveniently 
obtelned .. . HindlH E re.trlctlon fr.gment. Cr.en.wy. P.J. ec 
si., Gen. 1£: 355-360 (1982). Of cour.e. promoters from the host 
cell or related .pecle. .l»o .re useful herein. 

DSA tr.n.crlption in higher eulcryotes 1. incre.sed by 
inserting .n enh.ncer ..qu.n.e into the vector. Enh.nc.r. .re el- 
ecting element, of DNA, u,u.lly fro. .bout 10 to 300bp. th.t .ct to 
incre..e th. tr.n.crlptlon inlti.tlon c.p.btlity of . pro.oter. 
Enhancer, .re r.l.tiv.ly ori.nt.tion end position independent 
heving been found 5' (UUln.. L. ec .1.. Proc.Nacl.Ac.d.Scl. 2fi: 
993 [1981]) end 3' (Lu.*y . M.L.. et .2.. Mol. Cell Bio. 2: U08 
[1983)) to th. tr.n.cription unit, within en lntron (B.nerjt, J.L. 
et .1 Cell ii- 729 (19831) .. well es within the coding sequence 
irs.lf" (Osborne. T.F. , ec .1.. Mol. Cell Bio. a : 1293 [198.]). 
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Heny enhancer sequence, are now known fro. ^ «•«•• 
ela.te.e albu.in. .-fetoprotein and Insulin). Typically, however, 
one will «.• an anhanc.r fro. a eukaryotic cell virus. Ex*sple. 
include Che SV40 enhancer on the lace aide of che replication 
origin (bp 100-270), the cycon.g.loviru. early pro.ocer enhancer. 
ch e polyo.. enhancer on the late aide of Che replicaclon origin, 
and adenovirus enhancers. 

Expression vectors used in eukaryocic host cell, (yeast, 
fungi, insect, plant. anUal, human or nucleated cells) say also 
contain sequence, necessary for the termination of transcripclon 
which may affect rnRNA expression. These regions are transcribed as 
polyad.nyl.ced seg».ncs in the untranslated portion of the rnRNA 
encoding the adheson. 

Expression vector syste.s generally will contain a 
.election gene, also termed a selectable .ark.r. Exa^le. of 
suitable .electable marker, for .assnalian cell, are dihydrofolace 
reductase (DHFR) , thy»idlne kinase or necycin. When such 
.eleccable marker, are successfully transferred into a massaallan 
host cell, the transfor»ed .amalian host cell can survive if 
placed under selective pressure. There are two widely used 
distinct categories of s.lecclve regi.es. The first category is 
based on a cell's .etabolis. and the use of e .utant cell line 
which lacks the ability to grow independent of a supple.ented 
Bedlua. Two examples are: CHO DHFR" cells and .ouse LTK' cells. 
These cells lack the ability to grow without the addition of such 
nutrients ss thy»ldlne or hypoxanthlne . Bec.use these cells lack 
certain genes necessary for a co.plece nucleotide synchesis 
p.thw.y. they cannot survive unless the olsslng nucleotides are 
provided in a supple.ented medium. An alternative to supple.enting 
the oedlum is to introduce an intact DHFR or TK gene into cells 
lacking the respective genes. thus altering their growth 
requirements. Individual cells which were not transformed with the 
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mn or TK «U ~c »• - .-'-1 '» « — 

media. 

The second c.tagory Is doo.lru.nc selection which refer, co e 
selection scheme used In any cell type and doe, not retire the ^e 
of e mutant cell line. Th... .che.es typically use e drug t 
arrest growth of . host cell. Those cells which have a novel gene 

d express a protein conveying drug resistance and ^ 
ch e selection. Examples of such dominant selection use the dru 
neomycin. Souther. P. and Berg. P.. J. -lee. V*- ""^™ 
(„.„. mycoph.nollc acid, Hulllgan. l.C. and Berg P^ 
X ,22 (1980) or hygroaycin. Sugden. B. ec al.. Mol. Cell. 
410-413 (1985). The three exiles given above employ bacterial 
g enes under euxaryotlc control to convey resistance to the 
appropriate drug G418 or n.onrycln (gen.tlcln). xgpt (mycophenollc 
acid) or hygromycin. respectively. 

•Amplification" refers to the Increase or replication of 
an isolated region within a cell's chromosomal D«A. Amplification 
i, achieved using a selection agent e.g. methotrexate (HTX) which 
inactivates DHFR. Amplification or the making of successive copies 
of the DHFR gene results In greater amounts of DHFR being produced 
in the face of greater amounts of HTX. Anrpllf ic.tlon pressure is 
applied notvlthstanding the presence of endogenous DHFR, by adding 
eve , gr eater amount, of HTX to the media. Amplification of a 
desired gene can be achieved by cotransf acting a mammalian host 
cell with a pL.nl. having a ONA encoding a desired protein and the 
DHFR or amplification gene permitting cointegr.tlon. One ensures 
that the cell requires more DHFR. which requirement is met by 
replication of the selection gene, by selecting only for cells that 
can grow in the presence of ever-greater HTX concentration. So 
long es the gene encoding a desired heterologous protein has 
cointegrated with the selection gene replication of this gene gives 
rise to replication of the gene encoding the desired protein. The 
result is that increased copies of the gene, i.e. an amplified 
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cl.av.d. tailored. and rellgated In the ft. desired to for, the 
plasmlds retired. Suitable procedure, are -ell know, for the 
construction de.crlb.d herein. See. for example. (Hanlatla. r .e 

n^r— cm**- 133 ' 134 Cold sprlng Hatbor ' 1 1 '* 

•Current Protocols in Kolecul.r Biology", edited by Auaubel et al.. 
[1987!. pub. by Greene Publishing Associates 6. Wlley-Intersclence) . 

Correct pUnld sequences are confirmed by transforming E. 
con K12 strain 29, (ATCC 31446) with ligation mixtures, successful 
cransformants selected by ampiclllin or tetracycline resistance 
where appropriate, plasmids from the cransformants prepared, and 
then analyzed by restriction enzyme digestion and/or sequenced by 
che method of Messing et al . . Nucleic Acids Re,. 2: 309 (1981) or 
by che method of Maxam et .1.. Methods in Enzymology tf: 499 
15 (1980). 

Host cells are cransformed with the expression vectors of 
chis invention. Thereafter they are cultured in appropriate 
culture media, e.g. containing substances for inducing promoters, 
selecting transformers or amplifying genes. The culture 
conditions, such as temperature. pH and the like, are those 
previously used with the host cell selected for expression, and 
will be apparent to the ordinarily skilled artisan. 

The secieced adheson variants are recovered and purified 
from the culture supernatant, or lysat.s of recombinant hosts. 
Typically, the supernatant, are concentrated by ultrafiltration, 
contacted wlch a llgand affinity or immuno.f f lnity matrix ,o a, to 
adsorb the adheson variant. and eluted from the matrix. 
Optionally, the adheson is purified by ion exchange chromatography. 

Surprisingly, purification of soluble CD, adheson from 
culture medium was unexpectedly difficult. Notwithstanding that 
the hydrophobic tr.n.membr.ne region of the antigen had been 
3S deleted, the antigen exhibited a strong tendency to form aggregates 
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that could be readily removed from suspension by centrifugation at 
1000 x g, and which avidly coat aurfaces such as ultrafiltration 
m.mbranas. This appear, to result from the reduction in 
concentration of albumin or other serum protein (ordinarily present 
in the crude preparation) to a particular level, below which the 
truncated antigen no longer remains soluble. This phenomenon 
appears to be aggravated by exposure of the CD4 adheaon to low pH 
« about pH 4). As a result, separation procedures (particularly 
those that employ acid elution. such as immuno affinity) should be 
modified so that the eluate is maintained at, or immediately 
returned to, about neutrality. Further, a surfactant, e.g. a 
detergent such as Tween 80, should be includad with the antigen 
during the separation procedure. The final purified product will 
be stabilized with a predetermined protein such as albumin, and/or 
a detergent. 

The purified adheson is formulated into conventional 
pharmacologically acceptable excipients. 

lc is administered to patients having HIV infection at a 
dosage capable of maintaining a concentration of greater than about 
100 ng of soluble CD4 adheson/ml plasma. For CD4 adheson variants 
having different molecular weights, about 2 picomolea of soluble 
receptor per ml of plasma will be initially evaluated clinically in 
order to establish a stoichiometric equivalence with native 
(membrane bound) and soluble receptor. The ordinary dosage of 
soluble CD4 is 100 MgAg of patient weight/day. 

The therapeutic CD4 variants are employed with other 
therapies and agents for the treatment of AIDS , including AZT, 
neutralizing antibodies and immunocytotoxins , gpl20 fragments and 
vaccines . 
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In order to facilitate understanding of tho following 
examples certain frequently occurring methods and/or terms will bo 
doscribod. 



10 



"Plesmida" ere designated by o lowor cast p procodod and/or 
follovod by capital letters and/or nuabers. Tho starting plesmids 
horoln ere oithor commercially available, publicly available on an 
unrostrictod basis, or can bo constructed froa availablo plasaids 
in accord with published procedures. In addition, equivalent 
pleaaids to those described are known in the art and will be 
apparent to the ordinarily skilled artisan. 



Hi 



•Digestion* of DHA refers to catalytic cleavage of the DMA 
with a restriction enzyme that acts only at certain sequences in 

15 the DMA. The various restriction enzymes used herein are 

commercially available and their reaction conditions, cof actors and 
other requirements were used as would be known to the ordinarily 
skilled artisan. For analytical purposes, typically 1 pg of 
plasmld or DHA fragment Is used with about 2 units of enzyme in 

20 about 20 jil of buffer solution. For the purpose of isolating DHA 

fragments for plaamld construction, typically 5 to SO pg of DHA are 
digested with 20 to 250 units of enzyme in a larger volume. 
Appropriate buffers and substrate amounts for particular 
restriction enzymes are specified by the manufacturer. Incubation 

25 times of about 1 hour at 37* C are ordinarily used, but may vary in 

accordance with the supplier's instructions. After digestion the 
reaction is electrophorosed directly on a polyacrylamlde gel to 
Isolate the desired fragment. 



30 "Recovery* or "isolation" of a given fragment of DHA from a 

restriction digest means separation of the digest on polyacrylamlde 
or agarose gel by electrophoresis, identification of the fragment 
of interest by comparison of its mobility versus that of marker DHA 
fragments of known molecular weight, removal of the gel section 

35 containing the desired fragment, and separation of the gel froa 
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DNA. Thi. procdur. i. known g.n.r.lly (Uwn. R. ec si Nucl.ic 
Acid. R.» 2: "03-6114 [1981). .nd Co.ddel. 0. « si.. Nucleic 
Acid. &■ * 057 H 98 °J)- 

-O.pho.phoryl.tlon- r.f.r. to th. removal of th. cermln.1 
3- pho.ph.t.. by tre.tm.nt with b.cc.rl.l .lUalln. pho.ph.ce 
( BAP) . Thi. procdur. prevent, th. two ro.triction cL.ved end, of 
a DNA fr.g-.nc fro. -circularizing- or forcing . clo..d loop ch.t 
would imp.d. incrtion of «oth.r DNA fr.gm.nt .t th. ro.triction 

XO .it. Procdur.. .nd r..g.nc. for dopho.phoryl.tion .nd oth.r 

recount manipul.tlon. .r. conv.ntlon.1 . Reactions using BAP 
are carried out in 50mM Tris .c 68'C to .uppre.s the .ccivlcy of 
any exonuclease, which may be present in che enzyme prep.ratlons . 
Reactions -ere run for 1 hour. Following the reaction the DNA 

15 fragment is gel purified. 

■Ligation- refer, to the proce.. of forming pho.phodiester 
bond, between two double .tr.nded nucleic acid fragment. (Mani.tis. 
T ec si. Id- l i6 >- Unle '» oth « rvl,e P« vld * d - lig»^ on ^ be 
accomplished u.ing known buffers .nd conditions with 10 unit, of T4 
DNA lig.se ("lig.se") per 0.5 n of approximately equimol.r counts 
of the DNA fr.gments to be ligated. 

"Filling- or -blunting" refers to the procedures by which 
che single stranded end in th. cohe.lve terminus of . restriction 
enxyme-cle.ved nucleic .eld 1. converted to « double strand. This 
eliminates the cohe.ive terminus .nd fonss . blunt end. This 
process is a vers.tll. tool for converting . r.striction cut end 
thst may be cohe.iv. with the ends cr.«t.d by only on. or . few 
other restriction enzymes into . terminus comp.tible with «ny 
blunt-cutting re.tr ictlon .ndonucl.ase or other filled cohesive 
terminus. Typlc.Uy. blunting 1. .ccompllshed by incub.ting 2- 
15 M g of the target DNA in lOmN HgCl 2 . ImM dithlothreitol . 50mM 
N.C1. lOmM Tris (pH 7.5) buffer «t .bout 37'C in the presence of 8 
units of th. Klenow fr.gment of DNA polymer.se I .nd 250 & of e.ch 
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of the four daoxynucleo.ide triphosphate.. The Incubation 
generally is terminated after 30 min. phenol and chloroform 
extraction and ethanol precipitation. 

The following examples merely illustrate the beat .ode now 
contemplated for practicing the invention, but should not be 
construed to limit the invention. 

Example 1 

Cnn«t~niCt1™ «f Vectors for the EXPrOgl l g H-gf 

HnrlTn rnA md Serrated DgrlYfttlYta 

Section 1 

The plasmid used for recombinant synthesis of human CD4 was 
pSVeCD4DHFR. The plasmid was constructed as follows: 

ACD4P1 containing most of the coding sequence of human CD4 • 
(obtained from a human placental cDNA library using oligonucleotide 
probes based on the published sequence [Maddon eC al. 1985]) was 
digested with ££oRI to produce the cDNA insert. This fragment was 
recovered by polyacrylamide gel electrophoresis (fragment 1). 

pUC18 was digested with £cjaRI and the single fragment 
recovered by polyacrylamide gel electrophoresis (fragment 2). 
Fragment 1 was ligated to fragment 2 and the ligation mixture 
transformed into E. cell strain 294. The transformed culture was 
plated on ampicillin media plates and resistant colonies selected. 
Plasmid DNA was prepared from trans formants and checked by 
restriction analysis for the presence of the correct DNA fragments. 
This plasmid is referred to as pUCCD4 . 

pSVeE' DHFR (Mueslng ec al., Cell ^:691-701 [1987]) was 
digested with Kanl and fiamHI and blunted with £. coil DNA 
polymerase I (Klenow fragment) and the four dNTPs . Fragment 3 
containing the pKL-Amp r region, SV40 early promoter, the HIV LTR. 
and the mouse DHFR gene was recovered by gel electrophoresis, 
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Ug.ted and the ligation mixture transformed Into £. coll .train 
294. The transformed culture was plated on aarpicillin media plates 
and resistant colonies selected. Pl.smld DMA v.. prepared from 
cransformants and checked by restriction analysis for the presence 
of the fiflBHI restriction site and the absence of the KeqI 
restriction site. This pl.smld is referred to a. pSVeABKDHFR and 
allows i^Rl-fiMHI fragments to be Inserted after the SV40 early 
promoter and transcribed under its control, following transf action 
into an appropriate cell line. 

Synthetic oligonucleotides (adaptors 1-8, below) were made 
co extend from 76 bp 5' of the initiation codon of CD4 translation 
to the IsAl restriction site at 121 bp 3' of the Initiator, with 
the sequence AATT at the 5' end of the sense strand to generate an 
end which could llgate to an EfioRl restriction fragment. These 
oligonucleotides were ligeted and the 204 bp fragment containing 
the entire sequence recovered by gel electrophoresis (fragment 4). 

CD4 adaptor 1: AATTCAAGCCCACACCCCTGCCATTTCTGTCGGCTCACCTCCCT 
CD4 adaptor 2: pACTGCTCAGCCCCTTCCTCCCTCGGCAAGGCCACAATGAACCGGGGAGTC 
CD4 adaptor 3: pCCTTTTAGCCACTTGCTTCTGGTGCTGCAACTGGCGCTCCTCCCAGC 
CD4 adaptor 4: 

pAGCCACTCAGGGAAACAAAGTGGTGCTGGCCAAAAAACGGGATACAGTGCAACTGACCTGT 
CD4 adaptor 5: pACACGTCAGTTCCACTGTATCCCCTriTTTGCCCACCACCACTTTGTTTCC 
CD4 adaptor 6: pCTGAGTGGcrrCCTGGGACGAGCGCCACTTCCAGCACCAGAAGCAACT 
CD4 adaptor 7: pGCCTAAAAGCGACTCCCCCGTTCATTGTCGCCTTGCCGAGGGAGGAAGGG 
CD4 adaptor 8: GCTGAGCAGTAGCGACCTGACCCCACAGAAATCGCAGGGCTCTGGGCTTG 

pUCCD4 was digested with &&fil iii 1 * nd the 401 b ? 

fragment containing part of the CD4 coding sequence recovered by 
gel electrophoresis (fragment 5). pUC18 was digested with E^oRI 
and Jiil and the fr.gment comprising the bulk of the plasmid 
recovered by gel electrophoresis (fregment 6). Fragments 4 and 5 
were ligated to fragment 6 and the ligation mixture transformed 
into £. coli strain 294. The transformed culture was placed on 
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ampicillin media plates and resistant colonies selected. Plasmid 
DNA was prepared fron transformants and checked by restriction 
analysis for the presence of the correct fragment. The sequence of 
the inaerted synthetic DNA was checked by excising the 605 bp 
EcoRI- Sst I fragments from several transformants and ligating them 
to M13mpl9 which had been digested with the same enzymes. After 
transformation into £. coll strain JM101, single -stranded DNA was 
prepared and sequenced. One plasmid which contained the correct 
sequence was selected, and is referred to as pCDAint. 

pCD4int was digested with Eco Rl and Sst I and fragment 7 
containing the 5' end of the CD4 coding region was recovered by gel 
electrophoresis. pUCCDA was digested with £s£l and fiflnHI and the 
1139 bp fragment containing the remainder of the CD4 coding region 
(fragment 8) recovered by gel electrophoresis. 

pSVeAfiKDHFR was digested with Eco RI and R«mHT and fragment 
9 comprising the bulk of the plasmid was isolated. Fragments 7, 8 
and 9 were ligated and the ligation mixture transformed into E. 
coli strain 294. The transformed culture was plated on ampicillin 
media plates and the resistant colonies selected. Plasmid DNA was 
prepared from transformants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pSVeCD4DHFR, and was used to direct synthesis of recombinant 
intact CDV 

gfl&siffl 2 

A plasmid was constructed to direct the synthesis of a CD4 
derivative lacking the putative transmembrane domain and most of 
the putative cytoplasmic domain (Haddon et ai . ) . This was done 
with the intention of creating a secreted form of CDA , based on the 
assumption that these domains anchor the CDA glycoprotein to the 
cell membrane, and that their deletion would result in the 
secretion of the product. This plasmid is referred to as 
pSVeCDAANlaDHFR and was constructed as follows: 
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pUCCD4 vas digested vlch Sst I and lAfll and che 531 bp 
fragment (fragment 10) recovered. pUCCD4 was digafted vlch HiaJII 
and lAfll and the 112 bp fragment (fragment 11) recovered. pUCCD4 
5 vas digested with £aj&HI and Hla.HI and the 301 bp fragment 

(fragment 12) recovered. pCD4int vas digested vith Sit l and flaj|HI 
and fragment 13 comprising the bulk of the plasmld recovered. 
Fragments 10, 11, and 12 were ligated together vlth fragment 13 and 
the ligation mixture transformed into E. coll strain 294. The 

10 transformed culture vas plated on ampicillin media plates and 

resistant colonies selected. Flasmid DNA vas prepared from 
transf ormants and checked by restriction analysis for the presence 
of the correct fragment. Plasmid DNA from several transf ormants 
was sequenced to ensure that the 195 bp Nla lll fragment had been 

15 deleted and that the proper reading frame vas restored. The 

resulting plasmld is referred to as pCD4ANla. 

pCD4ANle vas digested vith Eco RI and fiajaHI and the 1541 bp 
fragment containing the sequence of a CD4 derivative lacking the 

20 transmembrane and cytoplasmic domains recovered (fragment 14) and 

ligated to fragment 9 and the ligation mixture transformed into £. 
coll strain 294. The transformed culture vas plated on ampicillin 
media plates and resistant colonies selected. Plasmid DNA vas 
prepared froa transf ormants and checked by restriction analysis for 

25 the presence of the correct fragment. This plasmid is referred to 

as pSVeCD4ANlaDHFR . 

Both pSVeCD4DHFR and pSVeCL4ANlaDHFR vere trans fected into 
CH0 cells by the same method used to establish cell lines stably 
30 expressing HIV- I polypeptides (Muesing, Smith and Capon, Cell 

6910701 [1987]). These cells vere assayed for production by 
radiolmmunoprecipitation as described below. While no product vas 
detected in initial experiments, subsequent experiments shoved that 
the above described coding segment could indeed direct the 
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synthesis of s soluble CD4 adheson variant both In CHO snd 293 

cells. 

Section 3 

5 A different expression system was initially used for the 

synthesis and expression of a CD4 variant lacking completely the 
cytoplasmic and transmembrane domains. This system uses the 
cytomegalovirus promoter and can be used in cultured cells of human 
origin. The first plasmid constructed for use in this system 
10 contained the entire coding region for CD4 and was intended to 

function as a control in the following studies. It is referred to 
as pRXCD4, and was constructed as follows: 

pSVeCDADHFR was digested with Eco RI and fiajjHI and fragment 
15 15 containing the entire CD4 coding region was isolated. pRK5 

(U.S. S.N. 97,472, filed Sept. 11, 1987) was digested with EcoRI and 
Bam HI and fragment 16 comprising the bulk of the plasmid recovered 
by gel electrophoresis, ligated to fragment 15, and the ligation 
mixture transformed into E. coli strain 294. The transformed 
20 culture was plated on ampiclllin media plates and resistant 

colonies selected. Plasmid DNA was prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment. This plasmid is referred to as pRKCD4. 

25 Section 4 

The next plasmid constructed was designed to direct the 
expression of the above-mentioned (Section 3) secreted derivative 
of CD4. The coding region of CD4 was fused after amino acid 
residue 368 of mature CD4 to a sequence from pBR322 which codes for 

30 9 more residues before a translation termination codon. This 

removes the putative CD4 transmembrane and cytoplasmic domains, 
which are presumed to anchor CD4 to the cell surface. The plasmid 
is referred to as pRKCD4T (and which produces protein called CD4T) , 
and was constructed as follows: 
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pSVeCD4DHFR was digested with BmII, blunted vith Klenow 
fragment end the four dNTPs, end digested with BstEII. The 382 bp 
fragment (fragment 17) containing part of the CD4 coding eequence 
was recovered by gel electrophoresis. pSVeCD4DHFR was digested 
vith ££oRl and fi.jt.EII and the 874 bp fragment (fragment 18) 
recovered. pBR322 was digested with Hlnd lll. blunted with Klenow 
fragment and the four dNTPs , and digested with EcoRI . Fragment 19 
comprising the bulk of the plasmid was isolated and ligated to 
fragments 17 and 18 and the ligation mixture transformed into £. 
coli strain 294. The transformed, culture was plated on ampicillin 
media plates and resistant colonies selected. Plasmid DNA was 
prepared from transformants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pCD4Tint. 



pRX5 was digested with £spRI and Sm&l and fragment 20 
comprising the bulk of the plasmid isolated. pCD4Tint was digested 
with ££oRI and £c^RV and the 1410 bp fragment containing the CD4 
coding sequence to the ifca.II site at 1176 bp 3' of the initiating 
codon and the 154 bp Hlndlll -fic^RV fragment of pBR322 was recovered 
(fragment 21). Fragments 20 and 21 were ligated and the ligation 
mixture transformed into E. coli strain 294. The transformed 
culture was plated on ampicillin media plates and resistant 
colonies selected. Plasmid DNA was prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment. This plasmid is referred to as pRKCD4T. 

Section $ fl 

In order to create a secreted form of CD4 which could be 
purified with an antibody directed to herpes virus type I 
glycoprotein D, a plasmid was constructed to express a derivative 
of CD4T in which the region coding for the mature, processed CD4T 
polypeptide was fused to a sequence coding for the signal peptide 
and the first 27 residues of the mature type I Herpes Simplex Virus 




PCT/US88/03414 



-36- 

gD glycoprotein. This plasmid is referred to as pRKCDCD4T, and was 
constructed as follows: 

pgDTmnc .DHFR was digested with Eco RI and Pvu II and the 
fragment containing the coding region for the signal peptide and 
first 27 residues of the mature HSV I gD glycoprotein was Isolated 
(fragment 22). pRXCt>4T was digested with Eco RI and Bst EII and 
fragment 23 containing the 3' end of the CD4 coding sequence and 
the pRK3 region was isolated. 

Synthetic oligonucleotides GD (adaptors 1-2, below) 
containing the coding sequence of CD4 from the codon for the amino 
terminal residue of mature CD4 to the Rsa site at 121 bp 3' of 
translation initiation, and containing the sequence' CTCCTCCAG at 
the 5' end of the sense strand were prepared (fragment 24). pRKCDA 
was digested with Rsa l and Bst EII and the 665 bp fragment 
containing part of the coding region for CD4 was recovered 
(fragment 25) and ligated to fragment 24. After digestion with 
fillEII to ensure that only monomer! c fragment was present, the 724 
bp fragment containing both sequences was recovered by gel 
electrophoresis (fragment 26). 

Fragments 22, 23 and 26 were ligated and the ligation 
mixture transformed into £. coil strain 294. The transformed 
culture was plated on amplclllin media plates and resistant 
colonies selected. Plasmid DNA was prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment. The sequence of several transformants was checked to 
ensure that the synthetic insert was correct and that reading frame 
was preserved. This plesmid is referred to as pRKGDCD4T . 

These pRK5 derived plasmids preferably were transfected 
into 293S cells for stable expression according to Muesing, et al. 
Cell 4£:691 (1987) with the exception that in addition to the 
plasmid of interest a plasmid expressing the neomycin resistance 
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g .„. p*SV n.o (Com» « 1. Sci.nc. 221:553-555 (1985)) was 
cotr.nsf.ct.d. 293 cell. .1" «. ua.d satisfactorily ae host 
cell* 2 dsys after transection, the c.li. were peesaged into 
standard medium (1:1 F12/DME euppl.m.nted with L-glutaaine. 
penicillln-.treptomycin and 10% FBS) with 0.5 mg/.l C418 (G«ncicin 
sulfate; Gibco) for .election of .table cell line., rather than In 
.•die containing methotrexate a. shown by Hue.lng et al. Cells 
were aa.av.d for production of CI* or CI* analogs by radloimmuno- 
preclpltatlon. Binding atudles (section 5c) used conditioned 
supernatant* from these cell. In the 1:1 F12/DME medium. 
Kacerials used in lnfecclvlty assays (section 5b) were obtained as 
described in section 8 below. 



15 



gDCDi adaptor 1: 

CTCCTCGACCAGCGAAACAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGAC 



gDCD^ adaptor 2: 

pACAGGTCACTTCCACTGTATCCCCTTTTTTCCCCAGCACCACTTTGTTTCCCTGCTCGA 
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section a. 

The following constitutes * study of the neutralization of HIV-1 
lnf activity by soluble CD4 analogs. A imodlf lcaclon of the 
neutralization procedure of Robert-Gurof f et al., Nature H£:72 
(1985) was followed. Equal volunes of Inhibitor supernatant and 
virus (60 microliters) were Incubated at 4 degrees C for 1 hour, 
then the same volume of H9 (Gallo et al . . Science 22£:500, 1984) at 
5xl0 6 /ml was added and Incubation continued for 1 hour at 37 
degree. C. Following absorption, 2.5x10* cells In 150 microliters 
were transferred to 2 ml of Incubation media. After 4 days at 37 
degrees C, the cultures ware spile 1:2 with fresh media and 
Incubated for an additional 3 days. Cultures were harvested, 
reverse transcriptase activity was measured (Croopman et al . . AIDS 
Resesrch and Human Retroviruses 1:71, 1987), and Immunofluorescence 
reactivity with HIV-1 positive serum was determined as described 
(Poles* et al.. Proc . Acad. Nat. Sci. USA ZZ:7415, 1980). 
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inhibitor .up.mat.nt. «r. obtained fro. confluent plat, cultur.. 
of 293S/CDT*. 293S/SDCD4T c.ll. or untranafaccd 293S c.U. by 
replacing th. grovth ..dlu. incubation ..di. and harv-tlng th. 
.u P .rnac.nt, 2. hour, l.t.r. Inhibitor .up.m.t.nt r.pl.c.d part 
er .11 of th. incubation «.dla during th. fir.t thr.. day. of 
cultur. as indlcat.d in th. a.cond column of Tabl. 3. Chall.ng. 
d0 s. of vlru. va. 100 TCID 50 (Croopman at ml., aupra) of HIV-1 
.train HTLV-IIIB grown in H9 c.ll. aa.ay.d in th. sy.t... 
Incubation -adi. conai.t.d of RPH1 1640 -adi. containing 2»K L- 
gluta-ln., 100 unit./»l p.nicillln. 100 .icrogra^/.l atr.pto«.ycin. 
2 B icrogra.a./«l polybr.n. and 20% f.tal calf ..ru» (K.A. 
Bloproducts) . 

Table 3 

Dilution of Indirect Reverse 
inhibitor inhibitor i^nuoresc«gce ^'fgfg 



mock- trans- 
feree 

mock- trans - 
fected 

CD4T 

CDAT 

gDCD47 

gDCD4? 



undil.; 1:4 65.3 65.5 

undil.; 1:4 61.2 61.1 

undil.; 1:4 0.4 18.0 

undil.; 1:4 0.8 16.1 

undil.; 1:4 0.4 26.8 

undil.; 1:4 1.4 36.1 



21.8 23.9 

18.5 28.1 

0.11 5.94 

0.15 3.72 

0.14 9.92 

0.23 11.3 



35 



40 



Both forms of soluble CD4 virtually abolished the growth of 
HIV-1 when incubated with virus- infected cell, without prior 
dilution (Table 2). At a dilution of 1:4 the soluble CD4 
preparations were only partially effective in inhibiting virus 
growth, however the level of fluorescent-positive cell, and reverse 
tran.cripta.e was .till .ignif icantly lower than culture, receiving 
mock-transfected cell .upematant. (Table 2). Since there was no 
.ignificant difference in virus growth between diluted -and 
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^diluted control supernatant., nor did any of th. .up.m. an 
. ff .ct the growth of uninfected H9 cell, (data not .hov^ .olubl 
CD4 prot.ln. P r...nt In th... .up.mat.nt. w.r. concluded to be 
responsible for ch. n.utreilx.tion of HIV-1 infection of H9 c.U.. 
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To determine th. affinity constant for interaction, between 
-120 and CD4 or CD. variants . s.tur.tion binding analy.is was 
Tarried out with .olubi. CD4 i^l and detergent solubillx.d 

intact CI* (La.xy « &™ (198?1) 

radioiodinated gpl20 labeled with lactoperoxida.e . Binding 
reactions consisted of l»I-gpl20 (3 ng to 670 ng. 2.9 nCi/ng) 
incubated for 1 hour at 0 degrees C with cell lysates containing 
intact CD4 (Usxey et .1.. «U-filfi.) or cell supernatant, 
containing unlabeled CD AT or gDCDAT prepared a. described in- 
section 5a. Reactions (0.2«1) had a final composition of 0.5X 
KcDougal Lysis Buffer (McDLB) (1 x HcDLB contalnsO.5 % Nonldet HP- 
40 0.2% Ne deoxycholate. 0.12 M NaCl. 0.02 M Tris-HCl. pH 8.0) and 
were performed in duplicate, both in the presence or ab.ence of 50 
microgram, of unlabeled purified gpl20 (74 fold or greater excess). 
Following incubation. bound gpl20 was quantlt.ted by 
unmunopreclpltatlon and counted in a gamma counter. For 
iaau^preclpitatlon. binding reaction solution, were preabsorbed 
with 5 microliters of normal rabbit serum for one hour at 0'C. and 
cleared with 40 microliter, of P.nsorbln (10 % w/v. C.lbloch.m) for 
30 minute, at 0 degrees C. Sample, were then incubated overnight 
et 0 degrees C with 2 microliters of normal serum or 5 microliters 
(0.25 microgram) of 0KT4 monoclonal antibody (Ortho) followed by 
collection of immune complexes with 10 microliter, of Pansorbin. 
Precipitates were washed twice in IX McDLB and once in w.cer. then 
eluted by .luting at 100 degrees C for 2 minutes in sample buffer 
(0.12 M Tris-HCl pH 6.8. 4» SDS . 0.7 M mercaptoethanol . 20% 
glycerol, and 0.1% bromophenol blue). CD4 molecules were bound 
•acurably by gpl20. and yielded a simple mass action binding curve. 
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Sup.rx-c.ncs fro* mocx- cran.f.cc.d c.il. 8- * ^ * 
,p.clfic.lly bound gp!20 1... ch.n 1% ch.c found for superr-cents 
confining .oluble CD4. Sc.cch.rd an.ly.1. r.w.l.d . .ingle cl... 
of binding .ices on ..ch molecule, with epp.renc on 

inc.cc CD.. CD4T.«d gDCD4T , re.p.cclvely . Th. v.lue. obcln.d for 
CDi-ipWO binding in .olucion .r. comp.r.ble co che .ffinicy 
previously -e.sured for gp!20 binding co CD4 on -hole cell. (Kd-4.0 
x 10' 9 M. Lesley. Cell, gUEIA) . 

s«eelon 6 

in order co produce secreced derivatives of CD4 which .re 
free of excr.n.ous amino .cid re.idues. cvo pL«l<U were 
conscrucced for expres.ion in 293 cell.. The plas-id. conc.ln CD4 
genes which h.ve been truncated wichouc ch. .ddlclon of excr. 
residues, end .re referred co .s pRKCD4ANl. end P RKCD4TP (.nd which • 
produce proceins celled CD4TP end CD4AN1.) , .nd were conscrucced .. 
follows : 

Fragment 14 concining che CD4 gene wich che 195 bp filalU 
restriction fragment deleced w.s lig.C.d co fr.gmenc 16, which is 
pRX5 digested wich EtflRI end fiflnHI . The llg-cion mtxcure w.s 
cr.nsfom.ed into £. coll str.ln 294. the tr.nsfon.ed culture pl.ted 
on ampiclllin media pl.tes end r.sist.nt colonies selected. 
Plasmid DNA was prepered from transformers .nd checked by 
restriction analysis for the presence of the correct fragment. The 
resulting plasmid is referred to as pRKCD4ANla. 

Synthetic DNA (5'CCT CAT AGA ACC TTT CTA CAC 3') was mad. 
to attach co che HmII sice .c U76bp .nd which when so .cc.ched 
would terminate transition .fter .aino .cid residue 368 of -cure 
CD4 (fragment 27). The other end of this fragment was designed to 
Ugate to fiamHI restriction fragments. pUCCD4 was digested with 
aitEIl and UmII and che 382bp fragment concining pert of the CD4 
gene was recovered (fragment 28). Fragments 27 and 28 were lig.t.d 
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and then digested with itfEIX to reduce dlm.rlzed fragments to 
.onomers. end the resulting 401bp fragment w.s recovered (fragment 

29). 

pRKCD4 was digested with flllll end fiflmHI and the fragment 
comprising the bulk of the plas-ld (fragment 30) was Isolated and 
ligeced to fragment 29. The ligation mixture was transformed Into 
r coii strain 294. the transformed culture plated on ampiclllln 
„edls plates and resistant colonies selected. Plasmld DNA was 
prepared from transf ormant. and checked by restriction analysis for 
the presence of the correct fragment. The resulting pl*.«id is 
referred to as pRXCD4TP. Both plasmlds are transfected into 293 
cells to generate stable variant CD4- expressing cell lines as 
described above. 



15 



faction 7 

Two plasmlds were constructed to direct the expression of 
secreted CD* lacking extraneous amino acid residues in CHO cells. 
20 These are referred to as p SVeCD4ANlaSVDHFR and pSVeCD4TPSVDHFR (and 

which encode proteins having the primary sequence of CD4ANla and 
CD4TP) , and were constructed as follows: 

pE348HBV.E400D22 was digested with £vul and £fifiRl and the 
25 fragment containing the SV40 early promoter end part of the fi- 

lactamase gene was recovered (fragment 31). pE348HBV.E400D22 was 
digested with £ail and BjfflHl and the lerge fragment containing the 
balance of the lactamase gene a. well as the SV40 early promoter 
and the DHFR gene was Isolated (fragment 32). 

Fragments 31 and 32 were ligated together with fragment 14 
and transformed Into E. coli strain 294. The transformed culture 
was plated on ampiclllln media places and resistant colonies 
selected. Plasmld DNA was prepared from transf ormants and checked 
35 by restriction analysis for the presence of the correct fragment. 



30 
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The r..«Uin S pl«»" 1. referred to a. pSVECD4^1.SVDHFR 
pl.smld contain, the .am. DNA fragment encoding the .oluble CD4 
molecule found In the .be ntloned pla.mid P SVeCD4.NlaDHF* 

(Section 2) . 

PRKCD4TP we. dlge.ted with EfiflRI end fiflaHI and the fragment 
confining the truncated CD4 coding region wa. l.ol.t.d and llgat.d 
ce fragment. 31 and 32. The ligation mixture wa. cran.fon.ed Into 
E cell .train 294. the cran.for.ed culture pl.tad on ampiclllln 
medl. plate, and re.l.tant colonle. .elected. Pla.-ld DNA wa. 
prepared fro- cr.nsformsnt. and checked by re.trlctlon analysis for 
ch. pr...nc. of the correct fragment. The re.ultlng pla.mid 1. 
referred to .« pSV.CD4TPSVDHFR. Both of the.e pla.mid* are 
cr.n.f.cted Into CHO cell, and amplified tran.f.ctant. .elected by 
15 methotrexate using conventional procedures. 

fiHIPf le 2 

Fusion, of the V region of the CD4 gene, which 1. 
20 homologous to the variable region of Immunoglobulin genes (ref 

Maddon ec al. 1985). to the constant (C) region of human 
Immunoglobulin « and 7 2 chain, are constructed a. followi: 

Synthetic DNA 1. made to code for the C region of human * 
25 ch.in (re.ldue. 109-214) based on the sequence published by Horln 

etr .2.. Proc. Natl. Acad. Scl. fi2: 7025-7029 . with the addition at 
the 5' end of the coding strand of the sequence GCGC. which allows 
thl. fr.gment to be Ugated to the fiafiHl sit. at the end of the 
putative V-llk. region of CD4. At the 3' end of the coding region. 
30 a transl.tlonal stop codon 1. added a. well a. a sequence which 

allovs thl. end to be Ugated to fiaaHI restriction fragments. The 
synthetic DNA la made In 8 fragment.. 4 for each strand. 70-90 
base. long. The., .re then allowed to .nneal and Ugated prior to 
Isolation on a polyacrylamlde gel (fragment 33). 

35 
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domain of CD4 l« recovered (fragnent 3*). v» 

10 pRKCDACk. 

A pU .»ld encoding a fusion of the CD4 V-UVce domain to the 
hu man iaB uno g lobulin Cy2 region is constructed in a 
fashion, and is referred to a, pRKCO.C.2. Both of these plasmids 
effected into 293 cells. -yelo-a cell, or other ccp.C.nt 
cell, in order to obtain cell lines expressing variant CD* 
molecules as described above. 

mania 3 

The gDCWT secreted by the -ethod of Exa-ple 1 ws. purified 
from cell culture fluid containing either 10% FBS (fetal bovine 
S erum) or no added FBS. The conditioned cell culture fluid was 
fir.. concentrated by ultrafiltration then purified .by 
25 immunoefflnity chromatography. The 1-uno.f flnlty column v., 

produced bv coupling murine monoclonal antibody 5B6 (-hose epitope 
1. on the HSV-1 gD portion of the gDCDAT -ol.cul.) to glyceryl 
coated controlled pore glass by the ..thod of Roy .t -I.. 1984. 
The concentrated cell culture fluid is applied directly to the 
30 column and the contaminating protein, ar. washed away with neutral 

p H buffer. The column is then washed with neutral buffer 
containing c.tram.thylammonium chloride followed by neutral buffer 
containing Tw.en 80. The bound gDCD4T is .luted from the column 
with buffer at pH3 containing Tw.en 80 (0.1% w/v) and is 
35 neutralized immediately as it 1. -luted. The .luted neutralized 
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6 DCD4T 1. then concentrated by ultr.fller.tlon and 
dlalyzad/dl.filt.r.d to exchange the buffer for * physiological 
Mlt solution containing Tween 80 .t approxlisately 0.1% w/v. 

If the detergent It not present the gDCD4T forms aggregates 
as evidenced by the ability of centrlfugatlon at approximately 
10 000 Xg for 2 minutes to remove the gDCD4T fro. the solution. 
Incubation of gDCD4T at 4'C in 0 . 1M sodium acetate, 0.5M NaCl and 
0.25K trl. at P H 7 together with BSA. Tw.en 80 or glycerol as 
candidate stabilizers showed that, in the abaence of a stabilizer 
the gDC04T gradually aggregated over the space of 12 d*ys to the 
point where only about 60-70% of the protein was soluble. However, 
use of 0.1% w/v Tween 80 or (0.5 ng/ml BSA ensured that about 100% 
or 80%, respectively, of the gDCD4T remstned soluble over this 
period. Surprisingly glycerol was Ineffective as a stabilizer and 
produced results Inferior even to the control-at 8 days about 80% 
of the gDCD4T was aggregated when stored in the presence of 
glycerol . 

Bump! w 4 

Plasmlds were constructed to direct the expression of 
proteins containing differing lengths of the amino- terminal, 
extracellular domain of CD4 fused to the constant region of huiaan 
Immunoglobulin 7 1. These plasmlds are referred to as pRKCD4 27 i. 
pRXCD4 e 4 7 l. pRKCD4 27 i. pRKCD4, 2 -,l. P&KCD4 l7l . and pRXCD4 el7l . 

Plasmid pRXCD4 47 i contains the portion of the CD4 gene fro. 
the initiation codon to the fusion site after the codon for aerine 
reside 366 of the mature CD4 polypeptide, immediately followed by 
the sequence coding for the constant region of human Immunoglobulin 
7 1, etartlng at the codon for aerine residue 114 of mature human 
Immunoglobulin 7I (Rabat ec si.). 

Plasmid pRKCD4, All contains the portion of the CD4 gene 
from the initiation codon to the fusion site after the codon for 
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ly.ln. re.ldue 360 of the -cur. (*4 polypeptide. Mediately 
followed by the sequence coding for the conscanc region of huaan 
immunoglobulin ,1. «t*rtlng at the codon for .erlne residue 114 of 
aature huaan Immunoglobulin 7I (Kabat ec el.). 

Plasmld pRKCD4 2 -,i contains the portion of the CD4 gene fro. 
the initiation codon to the fusion sice efter the codon for 
glutamlne re.ldue 180 of the aacure CD4 polypeptide, immedlacely 
followed by Che sequence coding for the constant region of huaan 
ta.unoglobulln 7 1. starting at the codon for serine re.ldue 114 of 
naeure huaan laauno globulin 7I (KabaC ec al.). 

Plasaid pRXCD4 e27 i concalns che porclon of che CD4 gene 
from che inlciaclon codon Co che fusion sice afcer che codon for 
leucine residue 177 of Che aature CD4 polypeptide. Immediately 
followed by the sequence coding for the constant region of huaan 
immunoglobulin 7I. scarclng ac Che codon for serine residue 114 of 
macure human Immunoglobulin 7I (Kabac ec al.). 

Plasald pBXCD4 l7l contains the porclon of che CD4 gene from 
Che Inlciaclon codon Co che fusion sice afcer the codon for 
asparclc acid residue 105 of the aature CD4 polypeptide, 
Immediately followed by the sequence coding for the constant region 
of human Immunoglobulin 7I. starting at the codon for serine 
residue 114 of macure human lianunoglobulln 7I (Kabac ec al.). 

Plasmld pRKC04 el7l concalns che porclon of che CD4 gene 
froa che Inlciaclon codon co Che fusion sice afcer the codon for 
leucine residue 100 of the mature CD4 polypeptide. Immediately 
followed by the sequence coding for che conscanc region of human 
Immunoglobulin 7I. scarclng at the codon for serine residue 114 of 
macure human Immunoglobulin 7I (Kabac ec al.). 
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Con.crucclon of the.. ple.mlds required th. prior 
conscruction of plaamld pRXCD4TP/-,l. Xt v.. constructed .s 
follows: 

A cDNA clone coding for human Immunoglobulin 7I «« 
obc.ln.d fro- . human .pl«en cONA library (Clont.ch Labor ator 1.. . 
I„c ) uaing oligonucleotide. ba..d on the published sequence 
(Elll.on ec ai . . "Nucl. Acid. Re..- 12:4071-4079 (1982)). and an 
IfisU-EuX fragment (the fififlRI .U. was contributed by a linker; 
.ee Fig. 4..b) containing part of the variable and all of the 
constant region was obtained. This fragment was blunted with 
Klenow fragment, and recovered by gel electrophore.l. (Fragment 
al). 

Plasmld pRXCD4TP-Wc. encoding a aubstltutlonal variant of 
soluble CD4 (residues 1-368) containing a lyalne re.ldu. Instead of 
..p.r.glne at po.itlon 1 of th. mature polypeptide, wa. constructed 
from plaamld pRKCD4TP by .lt.-dlr.cted mutageneels. A .ynth.tlc 
ollgonucl.otlda wa. mada a. a prlm.r for a mut.gen.sls r.actlon to 
obtain th. da.lr.d coding ..qu.nc. Thl. was synthesized a. a 51- 
mer which contaln.d two .ll.nt mutation, from th. natural .equ.nc. 
in .dditlon to th. .ub.tltutlon mutation , and 21 ba... on ..ch aid. 
of the mut.t.d codons : 

5- - CCC TTT TTT CCC CAC CAC CAC CTT CTT GCC CTG- 
AGT CCC TCC TCC CAC CAC -3' 

Plaamld pRKCD4TP wa. tranaform.d into £. coli .train SR101 
*nd the tranaformed colonie. plated on amplclllin media plates. 
Resistant colonies were selected and grown in the presence of 
■13K07 h.lper bacteriophage to yield secreted, encapsldated single- 
strandad templates of pRKCD4TP. The single -stranded plasmld DNA 
was isolated and used as the template for mutagenesis reactions 
with the synthetic oligonucleotides described above as primers. 
The mutagenesis reaction was transformed E. coll SR101 and the 
transformed culture plated on amplclllin media places. 
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Tren.formante were .cr..n.d by colony hybridization (ref. 
Crunateln-Hognes.) for the presence of th. appropriate sequence, 
ualng the following 16 mer a« the probe. 

5'- C CAC CTT CTT CCC CTG -3* 
The hybridization condition, cho.en were aufflclently stringent 
chat the probe only detect, the correctly f«.ed product. Colonle. 
Identified a. positive were .elected and plasmld OHA was i.olat.d 
«nd transformed into E. coll .train SR101. The tr.n.formed 
culture, were plated on ampicillin media plates, and resistant 
colonle. were selected and grown in the presence of »13K07 
bacteriophage. Template, were prepared as above and screened by 
sequencing. 

Pla.mid pRKCWTP-kk was digested with Xbal and treeted with 
Kl.now Enzyme, and Fragment a2. containing the linearized plasmld 
waa recovered by gel electrophoresis, and llgated with fragment al. 
The ligation mixture wss transformed into E. coll strain 294. the 
cransformed culture plated on ampicillin media plates and resistant 
colonies selected. Plaamld DNA was prepared from the tranaf ormants 
snd checked by restriction analyala for the preaence of the correct 
fragment in the correct orientation (i.e.. the Immunoglobulin 
coding region In the aame orientation as the CD4 coding region, and 
«t the 3' end of the CD4 coding region). This plasmld Is referred 
to as pRKCt>4TP/7l. 

Synthetic oligonucleotides were made as primers for 
deletlonal mutageneals reactions to fuse the appropriate coding 
sequences of IgCl and CD4 as described above. These were 
synthesized as 48-mers comprising 24 nucleotides on eech side of 
the desired fusion site (I.e.. corresponding to the COOH-termlnal 8 
residues of the desired CD4 moiety, and the NH 2 -terminal 8 residues 
of the desired Immunoglobulin moiety). Plasmld pRXCD4TP/ 7 l w.s 
transformed Into E. coll strain SR101 and the transformed cultures 
plated on ampicillin media places. Resistant colonies were 
selected and grown In the presence of ml3K07 helper bacteriophage 
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co yUW ..cr.t.d. .nc.p-id.cd .tngl.-.cr«nd.d c.«pUc. of 
pRKC04TP/7l. Th. .lngl..«tr.nd.d plu-ld DNA w.. l.ol.cd «nd u-.d 
4. th. t.«pl«t. for «ut.g.n..i. r..ctlon. with th. .ynth.tlc 
ollgonucl.otid.. d..erib.d .bov. .. prU.r. Th. W e.g.n..l. 
5 r..ction. w.r. ««ufot«d E. coll SR101 *nd th. tr.«u£o».d 
culcur. pLt.d on nplelllin «di. pl.t... Tr«.for-nt. «r, 
.cr..n.d by colony hybridization (r.f. Grun-fln-Hogn...) for th. 
pr...nc. of th. .pproprUt. fu.ion .It., vulng 16..r. .. prob... 
Th... 16-r. coBprl.. 6 b.... on .ith.r .Id. of th. fusion .lc, 
10 .nd th. hybridation condition. cho..n w.r. .ufflcl.ntly .trlng.nt 
that th. prob.. only d.t.ct th. corr.ctly fu-.d product. Colonl.. 
ld.ntlfl.d .. po.ltlv. w.r. ..l.ct.d .nd pL«ld DNA v.. t.ol.t.d 
.nd cr.n.for».c Into E. coll .tr.ln SR101. Th. crraforMd 
eultur.. w.r. pl.t.d on uiplclllln «.dl. pl.t.., «nd ttiiieint 
colonl.. v.r. ..l.ct.d *nd grown In th. pr...ne. of «13K07 
b.ct.rloph.g.. T.mpl.c. w.r. pr.p.r.d .. .bov. .nd .cr..n.d by 
sequencing. 

Th. plasmids were transfected Into 293 cells using standard 
20 procedures end a.eayed for expression and production as described 

above . 
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Plasmids alio were constructed to direct the expression of 
fusion proteini conteinlng differing lengthe of the amino. terminal , 
extracellular domain of CD4 fuaed to the truncated portion of the 
constant rtgion of human immunoglobulin 7 1 , comprising only the 
hinge region and constant domains CH 2 and CH3. 
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Synthetic oligonucleotide, were made es primers for 
.ut.g.ne.i. reaction, to delete the Immunoglobulin ..quence from 
S.tll4 to Cv.215 lnclu.lv. (Kabat at -1.). Th... were aynthe.lx.d 
« 48-m.rs comprl.lng 24 nucleotide, on each .Ida of th. de.lr.d 
fuaion .it. (1.... corr..pondlng to th. COOH-t.r-lnal 8 re.idue. of 
the desired CD4 -oi.ty. and th. NH 2 -t.r-lnal 8 re.idue. of the 
desir.d imBunoglobulln moiety) . Plasmid. pRKCD4 47l . pRKCD4 2ll and 
P RKCD4 l7 , v.re ..par.t.ly tr.naform.d into E. coll .train SR101 and 
the cransform.d culture plated on amplcillln media plat... 
Resistant colonies were selected and grown in the presence of 
«13K07 helper bacteriophage to yield secreted, encap.idated .Ingle- 
stranded templates of these pl.s-lds. The slngl. -stranded plasmld 
DNA was isolated and us.d as th. template for mutagenesis reactions 
with the synthetic oligonucleotides described above a. primer.. 
The mutagenesis reactions were tran.fort.ad E. coll SR101 and th. 
transformed culture plated on amplcillln media plates. 
Transformers were screened by colony hybridization (Crunsteln- 
Hogness) for th. presence of the appropriate fusion site, ualng 
16mers as probes. These Um.r. compri.e 8 baae. on either aide of 
the fusion «lte. and the hybridization conditions choaen were 
sufficiently stringent that the probes only detect the correctly 
fused product. Colonies Identified as positive w.r. selected and 
plasmid DNA was isolated and transformed into E. coll strain SR101. 
The transformed cultures were plated on ampiclllin media plates, 
and resistant colonies were selected and grown in the presence of 
ml3K07 bacteriophage. Templates were prepared as above and 
screened by sequencing. 

The plasmid derived from plasmid pRKCD4 i7l is referred to 
as pRKCD4 fcFcl . that derived from plasmid pRKCD4 27 i is referred to 
as pRKCD4 2Fcl and that derived from plasmid pRKCD4 l7l is referred 
to es pRKCD4 1Fcl . 
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P RKCD4 2Fel . P RKCD4 IFC 1 *nd pRKCD4 4Fcl are cultured in the 
.ame fashion a. described ebove end CHI-deleted CM imaunoadhe.on. 
recovered es described elsewhere herein. 

5 firhr Q)p< n Eualflaa 

Plasmlds were constructed to direct the expression of 
proteins confining differing length, of the amino terminal, 
extracellular domain of CD* fused to the constant region of human 
iBBunoglobulin a. These pl.s.ld- are referred to as pRKCW^. and 
1C pRKCD4 e4(t . 

Plasmld pRKCM 4)t contains the portion of the CM gene from 
the initiation codon to the fusion site after the codon for serine 
residue 366 of the mature CM polypeptide, immediately followed by 
the sequence for the constant region of human immunoglobulin a. 
starting at the codon for threonine residue 109 of the mature human 
Laaunoglobulln *. (Kabat at al . ) 
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Plasmld pRKCD4 e4(t contains the portion of the CM gene from 
the initiation codon to the fusion site after the codon for lysine 
residue 360 of the mature CM polypeptide. Immediately followed by 
the sequence for the constant region of human immunoglobulin a. 
starting at the codon for threonine residue 109 of the mature human 
immunoglobulin k. (Kabat ec al . ) 

These plasmlds were constructed in a manner analogous to 
plasmlds pWCCD^i snd pRKCM e 4 7 i described above, with the 
following exception: 

The human immunoglobulin « coding sequence (Fig. 5) was 
obtained from a human spleen cDNA library (Clontech Laboratories. 
Inc.) using oligonucleotides based on the published sequence 
(Hleter. P. A. et al.. Cell 22:197-207 (1980]) and an EcoRI-ias.Hl 
fragment containing part of the variable region and the entire 
constant region was obtained (see Fig. 5). This fragment was 
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blunt.d with Kl.now fr.gm.nc and the four dNTPs. Thl. fragm.nt was 

used instead of f recent .1. and we, used to construct plae.ld 
p RKCD4TP/hx . 

5 f |1 tr r>,naton 1n ™° Cella 

Plasmlds were or are constructed to direct the expression 
of the iaisuno.dh.sons dascrlbed above in CHO cells. Th.se are 
referred to .e pSV.CD4 47l SVDHFR , pSV.CD4 27l SVDHFR . 
pSVeCD4 l7l SVDHFR. pS VeCD4,4 7l S VDHFR . pSV.CD4 e27l SVDHFR . 
10 pSVeCD4 el7l SVDHFR. pSV«CD4 4Fcl SVDHFR. pSV.CD4 2Fcl SVDHFR . 

pSVeCD4 1Fcl SVDHFR. pSVeCD4 6)( SVDnFR and pSVeCD4 2)t SVDHFR. 

Fragment 31 was prepared as described above. Fragment 32a 
was prepared by digesting plaamld pE348HBV .E400 D22 with fi«HI. 

15 blunting with Klenow fregment and the four dNTFs. then digesting 

with fcail and tsol.cing the l.rge fr.gment containing the balance 
of the 0- lactamase gene and the SV40 early promoter and the DHFR 
gene. Plasmlds pRKCD4 47l . pRKCD4 27l , pRKCD4 l7l . pRKCD4 e 4 7 l. 
pRKCDC e27l . pRKCD4 el7l . pRKCD4 4Fcl , pRKCD4 2Fcl . pRKCD4 1Fcl . 

20 pRKCD4 4)C and pRKCD4 2)t were separately digested with Hindlll. 

blunted with Klenow fragment and the four dNTPs . then digested with 
££2R1 and the fragments encoding ch« CD4-Ig fusion prot.in w.re 
Isolated. The resulting DNA fragments were llgsted together with 
fragments 31 and 32a and transformed into E. coll strain 294. 

25 Colonies were selected and checked for the presence of the correct 

plasald as sbove. then tranafected into CHO cells and amplified by 
methotrexate selection using conventional procedures. 

Example 5 

30 Culture Pu r <"™<M°n ™* fnrmilaHon of CPA variants 

Plasmlds encoding soluble CD4 adhesons such as CD4T, CD4TP. 
or soluble CD4 immunoadhesons were calcium phosphate transfected 
into CH0-DP7 (a proinsulln- transformed autocrine host cell derived 
35 from CHO; U.S. S.N. 97.472) and the transformants grown In selective 
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.•alum (1 = 1 HAM F12/DHEM CHI' confining 1 • 10% «UfU««- or 
alalyzed bovine serum). Other .uit.bl. ho.t cell, ere CH0 cell, or 
293 S human embryonic kidney cell.. The tran.for.ant. -ere 
Rifled by methotrexate .election In the .ame medium but 
Tntalnlng 500 nm methotrexate. A .ubclone capable of .ecretlng 
CD4TP CD4CP 500 b. was .elected. CDAtp 500 b 1. cultured In a 
DHEM/HAM F12 medium at about 37'C until CD.TP accumulate. In the 
culture, after which the medium 1, separated from the cells and 
insoluble matter by centrlfuglng. 

Culture fluid from CD4TP transformers was concentrated and 
dlaflltered to lower the Ionic strength. The concentrate was 
passed through a large volume of Q-Sepharose anion exchange resin 
(previously equilibrated with 25 m* NaCl. P H 8.5) in order to 
adsorb contaminants fro. the culture fluid. The Isoelectric point 
of CD4T? is about 9.5. thus making it possible to discriminate . 
between treated forms of CD4 and most contaminant, by alternate 
adsorption, re.pectivly . on . cation exchange resin .uch a. 
carboxymethyl or .ulfonyl S.pharo.e . and an anion exchange re.ln 
such as quaternary ammonium Sepharo.e. In addition, since highly 
electropositive domains are present In the extracellular .eg-ent of 
CD* any CD4-cont.lnlng variant i. purified in the same fashion as 
CD4TP The unadsorbed culture fluid from the anion exchange resin 
seep was then passed through a cation exchange resin (previously 
equilibrated with 25 «M HaCl at pH 8.5) whereby CD4TP was adsorbed 
to the resin. The CD4TP w.s eluted with a NaCl gradient at pH 8.5. 
chis CD4 variant eluting at about 0.2 K NaCl. Ammonium sulfate was 
added Co the eluate to a concentration of 1.7M end the solution 
passed through . column of hydrophobic interaction chromatography 
resin (phenyl or butyl S.ph.rose) . The CD4TP w.s eluted from the 
hydrophobic interaction column with a gradient of emmonium sulfate, 
che CD4TP emerging ac abouc 0.7M ammonium sulfate. The eluate w.s 
concentrated *nd buffer exchenged on a C-25 column using phosph.ee 
buffered saline containing .02 % (w/v) Tween 20 or Tween 80. The 
CD4TP was soluble end stable in this solution, which was sterile 
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f Utered and filLd inco vUl. a- aou.ou. formulation. Other 
olym.rlc nonlonlc .urfacc.nt. ere .ui«bly used with ch. CO, 
fon.ul.clon.. including Pluronlc bloc, copolymer, or polyethylene 

glycol 

It is also possible to employ Unsunoef f inlcy purification 
of soluble CD4 wherein the CI* is adsorbed onto an immobilized 
antibody against CD.. This method suffers fro. the di.advant.ge 
that elutlon of the soluble C04 under acidic condition, lead, to 
protein .ggreg.tion that is only thoroughly ameliorated at 
relatively higher levels of surfactant. The foregoing procedure 
permits the use of much lover Quantities of surfactant, about from 
0.01 to 0.10 * (w/v) surfactant. 

The procedure followed for the purification of CD* fusion, 
with immunoglobulin heavy chain was to concentrate recombinant . 
.up.rtut.nt. by ultrafiltration and thereafter adsorb the fusion 
onto resin- Immobilized Staphylococcal protein A. The fusion was 
.luted with O.IK citrate buffer pH 3 with no salt or detergent. 
This prep.r.tion is buffered into Trls buffer .t pH 7.5. The 
imB unoglobulin fusions with CD4 Vl-V* optionally are further 
purified by the procedure described above for unfused CD4 variants. 
CD. immunoglobulin fusions with CD6 V1-V2 also may be purified by 
the procedure above, except that It Is not expected that the 
isoelectric point of this clas. of molecules will be as alkaline as 
that of species containing all four V regions of CD4. 

Emakls fi 

The characteristic, of several adhe.on variants were 
determined. As .hown In table 4 the Immunoadhesons Ct*<, 7 i and 
CD4 2t1 show improved pla.m. h.lf-Ufe in rabbits, coupled with 
high- affinity gpl20 binding and an affinity for Fc 7 receptor 
(determined with U937 cells) that Is comparable to that of bulk 
human IgCl. 
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Table 4 

Fc 7 R KD (nM)' 



PUim Half -Life 4 



10 



15 



20 



CD4T § 
CD4 47l 

CD4 27 i 
human IgCl 



2.3 ± 0.4 
1.2 ± 0.1 

1.4 ± 0.1 
ND** 



Not detected 

2.83 ± 0.25 
3.01 ± 0.68 
3.52 ± 0.5 



0.25 
6.4 
40.6 

21 days* 



* determined In human* 

* KD vai determined by the method of Anderson ec el.. 
Immunol . * 121:2735-2741 (1980). 

* determined by the method of Smith at el., "Science" 221:1704-07 
(1987). 

§ residues 1-368 only 

The adheson variant was injected intravenously into rabbits and 
lemple. of blood were collected periodicelly and as.eyed for the 
presence of the adheson variant. 

** Sot done . 
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10 



15 



20 



25 



30 



1. Nucleic acid .needing an • .mine .eld s.qu.nce variant ef an 
tdhftton. 

2 . The nuclalc acid ef eUU 1 wherein th. adha.en 1. a CD4 

polypeptide. 

3 The nucleic acid ef .Ui. 2 wherein che variant 1. s CI* 
polypeptide in which nucleic acid .needing the trens.embr.ne 
domain has been medifl.d wh.r.by the CD4 pelvpeptide enceded 
thereby cont.lns an inactivated transmembrane domain. 



A. 



5. 



6. 



The nucleic acid ef claim 3 wherein the transmembrane domain 
has been Inactivated by it. del.tlen or by substituting fer 
che transmembrane domain an amino acid sequence having a 
substantially hydrophillc hydropathy profile. 

The nucleic acid of claim 2 wherein che variant comprise, a 
fusion of (a) « polypeptide different from the CD4 and (b) a 
CDA polypeptide. 

The nucleic acid of claim 5 wherein che polypeptide different 
from the CDA bears a non-CD4 immune epitope. 

The nucleic acid of claim 6 wherein the polypeptide different 
from CI* is fused to the amino or carboxyl terminus of mature 
CD4 and che transmembrane domain of CD4 has been inactivated. 

The nucleic acid of claim 5 wherein the different polypeptide 
comprises s signal sequence. 

The nucleic acid of claim 5 wherein, the different polypeptide 
contains sbout from 5 to 1000 residues. 
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10 Th. nucleic .eld of eUU 9 wherein ch. different polypeptide 
is capable of eliciting e humoral immune response In en 
animal . 

U. The nucleic acid of el.l. 10 wherein the different polypeptide 
1, , viral polypeptide or an allergen. 

12 The nucleic acid of claim 5 wherein the different polypeptide 
is a human plasms protein having a pi**- half life gre.ter 
than from which the transmembrane domain has been deleted. 

13 The nucleic acid of claim 12 wherein the variant I. a fusion 
of a polypeptide comprising at least on. V-llke domain of CD* 
fused with a polypeptide comprising an Immunoglobulin constant 

15 domain. 

14. The nucleic acid of claim 1 wherein the adh.son Is CD4 . CDS or 
the high affinity IgE receptor. 



10 



20 



15. The nucleic acid of claim 2 wherein the variant consists 
essentially of the V t through V u or Vx through V 2 regions of 
the CD4 antigen. 

16. The nucleic ecid of claim 2 which consists essentially of the 
25 CDi lneert of pCDAANla. 

17. The nucleic acid of claim 12 wherein the different polypeptide 
Is albumin, apolipoproti-ln or transferrin. 

30 16. The nucleic acid of claim 8 wherein the signal sequence is a 

bacterial signal sequence. 

19. The nucleic acid of claim 15 wherein the variant consists 
essentially of CD4 residues 1-368. 

35 
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20. Th. nueUlc M of claim 15 vh.r.ln th. variant conal.t. 
•ss.ntl.lly of C04 r.il*»»i 1'1«0. 

21 Th. nucleic .eld of eUl> 13 vh.r.ln ch. 1-unoglobulln 
constant domain I. ch. conatant domain of an IgC h..vy chain. 

22. The nucleic .eld of clad. 5 vh.r.ln the dlff.r.nt polyp.ptld. 
Is • cytotoxic polyp.ptld.. 

23. The nucleic .eld of cl.i* 5 wh.r.ln the cytotoxic polyp.ptld. 
is the diptherl. toxin A. 

24. A composition comprising an .dh.son amino .eld ..qu.nc. 
variant which is lncapabl. of cell m.mbran. anchorage. 

25. The composition of claim 24 -herein the adhe.on variant- 
comprises a CD4 amino acid sequence capable of binding gpl20. 

26. The composition of claim 25 further comprising an agent for 
inhibiting the aggregation of the variant s.l.ct.d from th. 
group of . pr.de termlned protein .nd a surfactant. 

27. The composition of claim 26 wherein the agent is a 
surfactant. 

28. The composition of claim 27 wherein the surfactant is Tw..n 80 
or Tv.en 20. 

29. The composition of cl.lm 25 wh.r.ln th. CD4 cransm.mbrane 
domain has been del.t.d or ha* b..n substituted for by .n 
amino acid sequence having a substantially hydrophillc 
hydropathy profile. 

30. The composition of claim 29 which is sterile and which further 
comprls.s a phyalologlcally acceptable carrier. 



of clMim 25 



31. 



5 32- Tb* tu^nrlrlno of claim 31 

of ma 



32 commoslcimc of claim 32 



of claim 33 omor*im tfc* CB* 

V2- 



35. Tme i ompoalctoc of claim 33 mherelm 
*1*2*3*4 



15 



36. Th* i aoyooldflg of claim 31 vmerelm .tma tmo vmrimmt is im 
20 form of a 



37. Ime cossomlclom of claim 34 
of a CD* Y-li*a 



25 

3f . i imp i ilcima of claim 31 rfaaroim tfao **riamc ia ool 

fxom tmo ^ n wi y 1" i*tft* f ** Tf of 
{*) aCl: 

30 (e) AC^-AC,. ^if^-Mi^. or » L C L -'W H C B ] ; 

(d) 4Cl-*£*-[aCh. *Cl-*£«. % ¥fl. 'l c !--* c b- ■* ^iPi-***!: 
(•) acl-V^-M- *Cl-*Cb- «Pt-%q* *ift.-*«. « *ift.- : 
(f> ▼ L c L -Ac sr ;AC e . ACL-ACg. *Cj.-vbCh. vjCl-ach. «■ « 1 c IL -*aEa3 ; 
or 

3$ (*) lA-T] a -I«LCL- < Vil32 



Hi 
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vhoroln A la o CD4 polypoptldo ontalnlng a CD4 varlablo 
roglon-llko doaoln; Vj.. V H , C L and C H roprooont light or hoovy 
ch*ln vorlablo or conatant doaalna of on laaunoglobulln; n lo 
on lntogor; and Y doalgnatoa tho roalduo of o eovoltnt croaa- 
linking ogonc. 

39 Th« coapooltlon of elola 38 vharaln tho V L ond V H doaalna oro 
copoblo of binding o pradotoralnod ontlgon. 

40. Tho coapoaltlon of clala 31 vhoroln tho laaunoglobulln 
■oquonco Is obtolnod froa IgCl, lgG2, IgG3, IgC4, IgA, IgK. 
IgD or IgM. 

41. Tho eoapoaltlon of clola 23 vhoroln tho variant eoaprlaoo o 
polypoptldo dlfforont froa C04 vhlch la nonlaaunogonlc In 
huaam . , 



I 



20 



42. Tha composition of claim 41 vharaln tha variant eompriaaa a 
polypaptida which Is IflBunoganlc In huaani. 

43. Tha composition of claim 41 vharaln tha variant coaprlaaa a 
polyptptlda having a human plaama half Ufa vhlch la graatar 
than about 20 hours. 



23* 44. Ths compoiition of claim 41 vharaln tha variant comprlaas a 
human tranifarrin, apolipoprotaln or albumin polypaptida. 



30 



33 



45. Tht compoiition of claim 25 vharaln tha variant comprlaas a 
cytotoxic polypaptida. 

46. Tht compoiition of claim 45 vharaln tha cytotoxic polypaptida 
la rlcln A chain or dlpthtrla toxin A. 

47. A polypaptida comprising a CD4 amino acid stquanca capabl* of 
binding gp!20 vhlch !■ croas-iinkad to (a) polypaptida having 
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a pltiai half life of greater than about 20 houra or (b) a 
cytotoxic polypeptide. 

48. The polypeptide of claim 47 wherein the polypeptide of (a) If 
transferrin, an apollpoproteln or albumin. 

49. Tha polypeptide of clala 47 wherein the cytotoxic polypeptide 
Is cross- linked to the CD4 variable -like domain by a 
blfunctlonal cross- linking agent. 

50. A method for preparing an adheson variant comprising 
transfectlng a host cell with the nucleic acid of claim 1. 



51. A method for preparing an adheson variant comprlalng 
15 recovering the variant from the culture of a host cell 

transf acted with the nucleic acid of claim 1. 



20 



52. The method of claim 51 wherein the adheson Is CD4 and the 
variant is recovered from the culture medium of the host cell 
or from the cell Itself. 



53. The method of claim 52 wherein the variant la recovered by 
adsorption onto a cation exchange resin. 

25 54. The method of claim 53 wherein the variant Is recovered by 

adsorption of contaminants onto an anion exchange resin. 



30 



55. The method of claim 52 wherein the variant lacks a functional 
transmembrane domain. 

56. The method of claim 52 wherein wherein a salt Is added to the 
culture medium to occupy charged domains of the variant, the 
resulting solution Is contacted with a hydrophobic affinity 
chromatography resin to adaorb the variant, and the variant 
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•luted froa the r.eln by weehlng the re.ln with * declining 
gradient of eelt. 

The aethod of clela 52 wherein the verlent 1. recovered by 

lanunoefflnlty chroaetogrephy . 

The -echod of clela 57 wherein the lawnoafflnlcy 
chroaetogrephy Is directed egelnet e polypeptide different 
froa CD4 which Is fused to CD4. 

A aethod for the treetaent of en HIV Infection coaprlelng 
edainistering to e petlent Infected with HIV e therepeutlcelly 
effective doae of en aalno ecld eequence verlent of CD4. 

A replicable vector coaprlelng the nucleic ecld of clela 1. 
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